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PBET'ACE 


T his boot represents the substance of the Terry 
Lectures given at Yale Umversity m March, 19i4 
The intentions of the founder of the senes, Mr 
Dwight Harrington Terry, are explained by the following 
words from his deed of gift 

“The object of this Foundation is the assimilation 
of that which has been or shall be hereafter discovered, and 
its apphcahon to human welfare, especially by the buildmg 
of the truths of saence and philosophy into the structure 
of a broadened and punficd rehgion ” 

As a thoughtful fnmd of the author has remarted, the 
common ground upon which saence and religion meet is 
found m the command ‘‘Seek, and ye shall find*” The sa 
entist may therefore properly accept the challenge of the 
Terry Lectureship by choosing from the discovenes and 
the current mterprctataons of his saence those which he be- 
heves may help us understand our personal nature and our 
relaticm to the world about us* The saence of the embry 
ology of man has much to contribute it touches clos^y 
upon the most mtnnate aspects of our nature, and in the 
post has been called upon for evidence in some of the great 
cnscs of theology and philosophy One of theEarly Fathers 
of the Church, Lactantms, became an embryologist, or at 
least a writer on the subject, to prepare himself for a pro- 
nouncement about the soul of ^e unborn mfanl. On the 
other hand, the thunders which Haeckel’s embryological 
theories drew from 19th-century pulpits are not yet for 
gotten We know not only from sneh passing controversies, 
but from the daily groping of our thOTght on human prob- 
lems, that those who seek to comprehend the spmt will al 
ways need to understand the body 
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The author of this book* assiimmg no previouj knowl 
edge of biology on the part of his readers, aims to present a 
brief description of human development, its biological iig- 
nificance, and its aberrations, taking into account many 
recent discoveries, and emphasizing certain parbcolar as 
pects which seem important for those who would construdt 
their philosophy of life upon human reahtiea. 

Acknowledgements are due to several fncndi. The an 
thor*8 coDeagues m the Bepartment of Embryology of the 
Carnegie Institution, Dr G I*. Streeter, Dr C, H Heuscr, 
and Dr K. K. Boms, Jr , are well aware how much is owed 
to their instructive conversations at the laboratory lunch 
table this past wmter Dr William L Straus, Jr», of Johns 
Hopkins Medical School, expertly and helpfully cnbciied 
Chapter HI Dr Arthor T Herhg of Harvard Medical 
School, Dr Phflip Levine of the Newark (N J ) Beth Is 
rael Hospital, Dr Edwards A. Park, Professor of Pedi 
atnes, Johns Hopkins Umvmity, Baltimore, Dr Frank 
B Walsh of the Wilmcr Ophtbahnological Clime, Johns 
Hophns Hospital, and Dr Jlihslav Demercc of the De- 
partment of Genetics of the Cam^e Institution, at Cold 
Spring Harbor, Long Island, were good enough to read 
critically passages remtmg to subjects on which they ore 
especially well informed. The Princeton University Press 
has kmdly allowed the use m Chapter I of a passage from 
the author^s previous book, 7*7ie Horvxonet hi Human Re 
production (19^) Photographs from the Carnegie Col- 
lection ore by Chester F Heather unless othemie noted. 
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THE EMBRYO AS GER1^2®D 
AS ARCHIVE 


JIt nbvtcnce »** not hid from thee, wboj I WM mAde In Mcret, and corl- 
enuly wrtraght In the loweit pcrU of the earth. Thine eye* did *ee my *iib- 
fUnce, and In thy book all my member* were written wben a* yet 
there wa* nooe of them. 

1 

W HEN a man la born, he is already nine months 
old. “Surely,” says Sir Thomas Browne in Jte 
ligio Medici, “we are all out of the computation 
of our age, and every man is some months older than he be- 
thmliS him for we hve, move, and have our bemg m 
that other World the womb of our Mother ” The 

Chinesehavelong recogniied tins factv Each of their babies 
IS gi\ en at birth a foU year’s credit on the reckoning of its 
age. They know, of course* that the span of our prefatory 
existence is actually only nine months long, bnt fractions 
ore a bother, and m China every man claims one more year 
of age than docs a European bom on the same day of the 
same year 

To the embryologist such a calculnbon seems eminently 
proper, for the months before birth arc in their way the 
most eventful part of hfc and we spend them at a rapid 
pace. At its bc^nning the body consuts of one cell by the 
bmc of birth it has two hundred billion cells When you, 
gentle reader, were a single cell, you weighed about fifteen 
ten millionths of n gram at birth (if you were a seven 
pound baby) you weighed 3,2fH) grams In those nine 
months you gained two bilhon tunes. You began os a sphen 
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cal egg that coiild have been lost in a pinhole , you soon be- 
came hollow and then long and narrow Some time in the 
third week of life (Chinese reckoning) your heart began to 
beat , was not that a great day m your career? You b sd the 
beginnings of a brain before you had hands, and of arms 
before le^, you developed muscles and nerves and began 
your straggle , m the darkness you faced strange pcrili, and 
you came at last to the tlireshold of the world. 

And now, imce you ore comfortably reading this book, 
wc know that your own first nine months were healthy and 
uneventful but if something had gone wrong, if your m 
apicnt life had flickered or faded, you might liave become 
the object of great attentions. Had you reached a certain 
stage, the State would have intervened, saymg that this 
creature was a hvmg individual and therefore certificates 
must bo filed with the registrar of vital statistics albeit the 
States are not very sure just when an einbi70 becomes a 
person a New Yorker, for example, most be cwiifiedearher 
than a hlorylander The ChurA also might have spoken, 
saying that this infant, being so many days along, pos- 
sessed an immortal soul and must be baptised before its last 
heartbeat, or else , although, to be sure, theologians of 
the various Mones do not agree as to the moment when the 
embryo acduevea a souL 

FmoUy, had on embryologist been at hand, be would 
have claimed for science that speck of broken life, carefully 
studying it beneath his microscope, knowing that humanity 
is older than ntes and records, and that even m the isolabon 
of its dark chamber the human embryo is bound by ties of 
kmship to all life that ever lived upon earth, and yet is 
signed with pecuhar traits that mark it a man to-be. Its 
structure and its vital processes, if only they can be de- 
ciphered, will tell us much about nature of our perplex 
mg race and somethmg perhaps of human fate and fore- 
ordination 
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2 

The development of the human being during the first 
weeh IS unknown No one has yet seen the embryo durmg its 
journey from the ovary through the FaDopian tube, unt3 
the tune when it becomes implanted in the uterus Only by 
deduction from other can we fill this gap and un- 

agme, no doubt imperfectly, what the earhest stages must 
be. 

Before it begins to develop, the precursor of the human 
embryo is a single cell, one of thousandi which he in the sub- 
stance of the ovary awaiting possible release. The unfer- 
tihicd and undeveloped human egg cell or ovum is of course 
well enough known, for all that is necessary to see it is to put 
a thm se^on of a suitable human ovary under the micro- 
scope, and to scan the inner wall of one of the nnmerons 
ovarian folhcles for the one large cell that projects into the 
cavity In every four weekly cycle of the mature woman one 
such foUicle enlarges and ruptures The ovum is discharged 
into the oviduct (Fallopian tube) and begins its journey 
toward the uterus In recentycors several persistent mvesti 
gators, semng opportunities afforded by surgical opera 
lions, hoNC been able to recover and photograph human ova 
from the tubes. The pictures, made under great difficulties, 
are not very instructive for the present purpose, and our 
pen sketch (Fig 1, C, D), together with the photograph of 
the mouse egg (Plate I, A) will serve to show the nature of 
this all important ceU- Fig 1 shows also the route of its 
journey to the uterus 

Although the ovum is the largtst ceU m the human body, 
it IS a small thing by ordmary standards of comparison. It 
IS about J'lcU ( 140 mm.) m diameter, which means 
that if placed m a clear dish of water, m a go^ light, it can 
just barelv be seen with the unaided eye. Under the micro- 
scope it IS n Imy globule of protoplasm contammg micro- 
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Fm. L Aj dUgram of bnnum arsrk*, crrldncts (FallopUa tiilK$) ud 
trtcm*, u •«a frcto tbc rev Tbs rfgit tnbe »nd the wtena are dniwii u 
If opened by renor*! of thdr mr v«]U, to *bo» tie «m 1 of tie tnbe wd 
tbe etrlty of tbe trterai. llie vrowi at tbe left lodlcete tbe eonm of tie 
omm from orery throogb tnbe to Tbe dotted tqoere bdketei dte 

of tbe early embryo ibom lo Pleto III A-C, and In Fig R Apprcahiiately 
ooe-balf alxe. B a ripe f^ek In tbe orary with egy cell (not to icale) In 
Ita walL Ct enlarged rkw of tbe cgy UDock of tbe folDde to aectiocL D 
egg cdl (oTxaa) external aspect, nugoUled about 30 dlanieten. E, bro- 
bDTDcd nteros of rabbit, vltb orldocts and orarks, appncdmatdy one* 
foortb natural abe. 


Bcopic fat droplets (jolk) and rarrotmded bj a beantifall/ 
dear and regnlaxly formed cnvelojpe of transparent sab- 
stance. Cat into minutely tfun sections and examined intb 
the finest lenses, the orara prove* to contam the usnal con 
stitnenta of animal cells, including of course a nuclens with 
the chromosomes upon whidi its role m heredr^ depends 
but these details of internal cell structure must chiefly be 
studied m the more easily obtamable eggs of other a nimal s, 
and do not concern us here. 

If the ovum IS unfertilixod, it goes to pieces in the uterus 
after a few days and its remains, which arc leas t h an a gram 
of dust, disperse unnofaced. If however there has been a 



5 


The EiEBBTo a* Gebit astd as Ahchtte 

mating, the sperm cells from the male meet the ovmn m the 
oTiduct and iere one of them enters it The substance of 
the two cells fuses, and m a few hours the ovum b^ms to 
divide. 

The division of the unfertflized egg has long smee been 
observed m various lower a nim a l s, espemalty m the aquatic 
forms such as the starfishes, marine worms, fishes, and am- 
phibians Thar eggs are deposited in the water and it is 
easy enough to bring them under the microscope, m sea 
water or pond water as the case mav be, so that their envi- 
ronment IS not changed and the process of division goes on 
beneath the eyes of the observer In mammals the case is dif- 
ferent. The ova remam withm the mother’s body hlerely to 
find them demands considerable knowledge of the breedmg 
habits and the reproductive cycles of the animals, knowl- 
edge whidi has had to be slowly acquired before the embiy- 
ologist could begin his observatiom The ^gs when found 
are smaller than those of most lower animals and much more 
dehcate. Being cells of warm-blooded annuals, adapted to 
live only m the complex chemical environment of the main- 
mall an body, they cannot survive m the outside world (ex- 
cept briefly m the hands of a modem tissue-culture expert, 
as will be mentioned in a moment) All that we have known, 
until very recent^, about the early development of Trmm 
mabnn eggs has been gamed by the expensive and tedious 
process of kflbng or operatmg upon a senes of anitn ftl* at 
regular intervals after mating In this way the general fea- 
tures of the process have bmi traced m many speaes 
among the best known are the mouse, rat, rabbit, guinea 
pig, domestic pig, and rhesus monkey Beginning m 1929 
Dr Warren H L#ewis of the Carnegie Embryological I>abo- 
ratory in Baltimore, aided by vanous coworkers, accom- 
plished the feat of transfernng the eggs of certain mam- 
mals to dishes of nutnent solubon m a chamber regulated 
to body temperature, under the microscope. He was thus 
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able to iratch and photograph for hours at a tnne the earh 
eat stages of their development The task is a difficult one, 
the artificial environment cannot exactly duplicate the fa 
vorable conditions existing m the mother’s Fallopian tube 
and uterus, and therefore no ovum has ever been kept ahvc 
through more than a few cell divisions By studying a se- 
quence of rabbit eggs, however, removed from the mothers 
at successively later periods, Lewis and Gregory saw the 
whole living process from the stage of one cell to that of 
about four days, contammg many scores of cells. Thor mo- 
tion pictures of these events have stirred a great many so 
entific audiences Species other than rabbits seem to be less 
hardy Jfuch of the sequence has been followed, however, m 
the guinea pig In the mouse and m the rhesus monkey 
(whose bring qggs are of course much more tronWesome 
and expensive to obtain than those of thedomeabc and Ubo- 
ratorr anrmab) only the earbest divisions hare been filmed, 
but at least the painstakiog methods and the weB-adjasted 
nntnest fluid have kept the eggg ahre Jong enough for the 
making of superbly mstruebve still pictures 

I have chosen, to fllustrate our present discussion, a se- 
nes of photographs of the mouse egg by Lewis and Wnght 
(Plate I) In the mouse, as in roost mammals, the folhcles 
npen and discharge the eggs at regular mterrals The fe- 
males are ‘*m heat,” as the breeders say, and accept the male 
at about the time when the folhcles are mature Two hour* 
after matmg the sperm cells are m the oviduct and one of 
them enters the egg About 30 hours after mating the fer- 


DESCRIPTION OF PLATE I 

S^roenUtloo of the ferlltlifd egs of tlie moioe. A« oce-crH lUgti B l«* 

edl lU^Rl boor* »flCT m»Ung| fonr erfl«,+4 boart{ D njorol* 

72 boom E, hlutocjrt, 82 bocni F bUrtocyrt, 5 d*7» 

Slapilflrf 400 dUmet^T* Fran C^tritvitont U Enbry*hfj 
InxUbktkn M rCuhlngtoo, by txa iAa j at W*rmj H. Lr»I* aod Em* a. 
Wright 
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tilized egg divides (Plate I, B) At 45 hours there are 4 
eelh at 49 hours there arc 8 At 72 hours the embryo is a 
romlded mass of cells (D), called by the Latin vordjnoruZa 
because of its resemblance to a mulberry At this time the 
reaches the end of the tube and enters the uterus An 
embryo' in this state was ploced m tissue culture and ob- 
served for 4 hours durmg this tune it developed an ecccn 
tncaHj placed cavity, as seen m Plate I, E. On the 6th and 
6lh days the embryo is a hollow sphere walled by a single 
' layer of thm cells bearing at one pole an xnner cell mais or 
aggr^ation of cells (F) An embryo Hhe this is said to be a 
blastocyst using the Greek roots to signify a germinal sac. 

No niustmtion could make the structure of a typical 
blastocyst more clear than James DiduschV drawing of a 
monkey embryo of the 9th day (Plate II, B) * The young 
animal has already acquired an cosily visible degree of or- 
ganization, for the outer layer of is going to fnmish 
the membranes which surround the embryo proper and at- 
tach it to the mother, whereas the thickened inner cell mass 
wiflmve rise to the embryonic body 

The human embryo at 6 or 6 days must be a blastocyst 
of the same general type as those of the mouse and monkey 
but we do not know it by direct observation, for cmmparable 

E Made at the bxtADce of Dr Oroi^ I*. Streeter by Tfaoce ctmr te sy It 
b re pfudu ced. 


DESCRIPTION OF PLATE II 

A, pert of lUnstraUon (Tebnlm XX\T) hj Reg oe r de GruTa Dt erforntt 
grnmifonrm butreUmllb** IS*^ ilunbig rabbit dDbryoa from ^y 8 
after mating (at 1 upper left) to day 10 (at 8) The blaatocytts hi the 
gToopa nambered 1 to 5 hare been remored from orlduct or Dterm; flg 
area S to 8 ihov parta of cterine borna irith tbe hnpIantaUon aHea Ap- 
proxhnatcly natmid atxg. 

B Haatocyat of monkey (Carnegie CJE3) 9 daya after mating, drawn 
br Jamea F Dldnacb. Magnified 900 dUmeten. From Coeptratlou tn 
aeorcA Carnegie InatltatloD of Waihlngton, 1933, by co ui teay of G L. 
Stree t er 
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earJj hamfln em br jog are jet to be fonni We do tnoir tliat 
somewbat later stages irlijch we possess m rdatrre abun 
dance arc just as tjpicaHj mammaEan as those of other 
species. I bare been carefol, bowerer, m refcmng to the 
tminown blastocyst, to aaj “the same general for 

there is also reason to s upp o se that the bmnan embryo will 
even as a 5- or 6-day blastocyst ^low pecnhantia of its 

LI K n. 

Biologists swing to extremes like other philosopher*. To 
establish an idea it is often orersiated. For a ccntoiy past it 
has been the fashion among biologists to emphasue the 
mterresemblance of aH the Tertdirate m then* em- 

brjonic stages. They are of coarse profoondlj similar m 
plan and aspect, and if we Inmt onrselvei to the msmmaH 
the resemblance is orerwhelming All of them pass throagh 
a blastocyst stage cssenfaaTly like that of the memse and 
monkey whidi we hare Hhurtrated, Before that, th^ iD 
come from smgle-celled ora, whidi differ, as far as eta be 
seen throagh the imcrosoope, only m small detaili, about as 
much perhaps as two watches of diff er e nl makes differ from 

each other This resemblance is one of the strong argnmenti 

for the erolataonaiy doctrine that all the rertebrates are re- 
lated to each other throagh a common ancestor 

In the days when the cvolntionary hypothesis had to be 
fought for, the resemblance of embryos was msatenl^ 
taught, until it gave nse to oil sorts of exaggerated nobons 
for example, that aH Tertcbrate embryos are literally idenb- 
cal, or that human embryos have octoal gills, like fish. Thu 
however is antiapatmg a subject that will be ducuoffi 
later The present pomt is that amid all the resemblance* 
there are differences whidi go aH the way back to the egg 
Alike as the ova of the various ynaTriTnuT^ are, an expert can 
yet distmgmah under the microscope, by smaD dissnnfla^ 
bet, the egg* of all these speaes which have as yet befli fol^J 
described. I hope thit wtTT not give too much comfort to 
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those irho do not relish the idea of mail’s relationship to the 
other amnmls 

When the ova grow mto blastocysts, the differences ni 
crease. The blastocysts of certam animals are m fact verY 
peculiar The first investigator who ever made a systematic 
attempt to sec early manunalian embryos — WiUiani Hot 
vcy, the genius who provtsi the circulation of the blood — 
made a great foflure ond involved the embryological ideas 
of his tune m senous confusion, because without knowing it 
he had chosen to study an animal which has a very atypical 
blastocyst stage. The story is worth tellmg here not only 
because it wiU help m de^opmg our theme but also be- 
cause it It one of the most picturesque episodes m the his 
tory of soence. Not every mistake has the honor to be made 
by the greatest scientist of hu day, nor to be perpetrated 
m a royal palace and demonstrated to a king ' 

Wilhatn Harv^ had prepared bimsclf for the attempt to 
discover early embryos of the higher amroAb by thorough 
study of the devdopment of the hen’s egg along lines laid 
down by hu great teacher Fabncius m Italy We have a 
glimpse of him through the eyes of a young student at 
Oxford m 1642, who saw Harvey and his fnend George 
Bathurst working on chick embryos m the latter’s rooms m 
Tnmty College, where they kept a hen to incubate the eggs 
When Harvey apphed his studies to the mammals, he look 
advantage of hii posibon os court physician to Charles I 
to dissect the fallow deer whidi the King and his compamons 
assiduously hunted As Harvey informs us, “the lund and 
the doc admit the male at one and one only particular season 
of the year, namely m the middle of September, oftcr the 
Feast of the Holy Cross and tliey bung forth after the 
middle of June, about the rcaal of Sh John the Baptist,” 
Beginning, then, m late Si^tcmbcr, the eager doctor be- 
gan to dissect the ftannlc quarry of the King’s hunt, look 
mg mto their uten for some sign of an embryo like that of 
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the fowl Thu aeardi was futfle. Neither m September, nor 
October, nor at any time until the middle of November was 
anythmg found that could be taken as an mdication of 
pregnancy As a crucial experiment the King ordered a 
dozen docs to be taken alive just after the mating season 
and put mto a paddock at Hampton Court Palace. These 
were killed at intervals os directed by Harvey, and finally 
m a preparation made about November 12 his keen eyes 
observed “ mucous filaments like spiders* webs drawn 
through the uterus These filnmeuts becoming conjomed 
present themselves os a membranous and gelatinous tunic.” 
In animals observed about November 18 to 21, m various 
years, a tiny object rcscmbbng the early chick embrjTJ was 
visible in the middle of the filamentous strands From this 
tune on there was no further mystery the embryos of does 
knicd at later and later mtervnls were found to have grown 
as might be expected, and with surpnsmg rapidity In the 
course of 8 or 9 days more, sayi Harvey, “a foetus so per 
feet in all parts is seen that a male can be distinguished 
from a female, and the feet are formed, the hooves bemg 
cleft, the whole bemg of a mucous consistency and a pale 
yellowish color ” 

But what of the 7 blank weeks between mating and the 
first appearance of a recognizable embryo? It must be re- 
membei^ that the great phya^ologist was workmg abso- 
lutely without benefit of previous mformaticra about mam- 
mahan embryos What he cxiuld see with his own ejes was all 
the clue he had. He thought that he had been watchmg the 
development of on egg, and its transformation into an em- 
bryo, in the uterus from the begmmng The “filaroentooi 
tunic** he had seen more or less resembled the white-of-egg 
of the hen’s egg, and the embryo appeared to develop ra its 
midst after the fashion of a chick embryo His mistake de- 
pended upon special peculiarities of reproduction in the 
deer, and was not fully explained for almost SCO years. For 
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lack of a microscope, Harv^ was also involved m hopeless 
further uncertainty about nature of fertilisation and 
the role of the male parent m fecundation and inheritance- 
The embryo, he thought, was secreted by the uterus in 
some such ivay os an idea is secreted by the brain- This con- 
cept, had it long survived, would have given us a strangely 
erroneous basis for our philosophy of human relationship 
no physical contmintv of life the child a congealed eihala 
tion of a secretory organ heredity conveyed by an idea the 
father a mere transient impulse at the start, contributing 
nothing to the substance of his offspring 

The next mvesbgator who took up the difficult search, 
the young Dutchman RegnerdeGraaf (1641-73), luckily 
chose the rabbit for his experiments His brilliant success is 
shown in our Plate II, A, part of the 26th plate of de 
GraaPs book of 1672 I^ceeding upward from the bottom 
pictureweseesuccessively earlier stages of pregnancy The 
embryos develop m httle chambers, dong each horn of the 
rabbit’s two-pronged uterus No 8 shows the embryo of 10 
days On the 9lh day (No 7) the picture show* only a 
cloudy spot and on the 8th day nothing at all (No 6), but 
de Graaf* text makes it dear that the utenne chambers 
contamed what we should now call blastoqrsts attached 
bghtly to the Iming, and so dehcate that they broke like 
bubbles wben the uterus was opened De Graaf was now see- 
ing younger embryos than anyone had ever previously dis- 
covered- Gomg back successively to the 7th, 6th, 6th, and 
4th days the httle round cysts were found free m the uterus, 
and on the Sd day after mating (de GraaPs earhest suc- 
cessful observation) the small objects shown at No 1 m his 
plate were discovered in the oxnduct Enchanted with this 
sight, the young physician made the correct assumption 
that the “eggs” could not have been secreted by the uterus 
but must have come from the organs formerly called the 
female testes, to whidi he now applied the term ovary 
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Not until 1827 did the Eetoman Karl Enut von Boer 
complete the story by diacovermg (m the dog) the micro- 
icopic egg cell m the ovanon fomcle and tracing it to the 
oviduct and thence to the utcros 

To return now to Wilham Harvey’s baffling experience 
with the deer, an cxplanabon was found m 1854 when Theo- 
dor L. W BiscbofF of Hannover, armed with the experi- 
ence of two centuries, agam explored the early embryology 
of the deer He discovered, first, the extraordinary fact that 
m this f amily of animals the blastocysts, once they reach 
the uterus, remom dormant for many weeks. The eggs ore 
fertilized, as m other mammals, soon after they ore dis 
charged from the ovary They segment as qoickfy as those 
of the rabbit, but once blastocysts are formed the proces se s 
of growth are delayed. In the European speaes {Cennu 
capnolut) which Bischoff erammed, the waitmg period i# 
even longer than m the English fallow deer During the 
weeks from late September until November, when Horrey 
found nothing, there actually were blastoi^^ m the uterus, 
of about the same size os those of the rabbit which de Graaf 
so clearly observed But in the deer there arc only two em- 
bryos m a litter, transparoit wisps no bigger than a pm 
bead, hidden m the extensive two-homed chamber of the 
uterus No wonder Harvey never found them — not even he, 
whose great intellect had been the first to perceive the 
meaning of the heart’s motion. 

It wfll be remembered that when Horv^ did find some- 
thing m the uterus, about 7 weeks after mating, he de- 
scribed it as a gelatmouB wA of filaments The explanation 
of this hes m a second pecuhonty of the blastocysts of the 
deer family when the period of dormancy is over, the 
rounded sacs suddenly grow lengthwise until they become 
limp, sticky tubular strings scr^rol mches long The mner 
cell mass is still a mere dot at the mid pomt of the cyst All 
these discoveries of Bischoff were confirmed m 1899-1906 
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bj* brftnt Kcjbcl of 1 raburp nntl his Tnpnncsc iludcnl 
Sftkurni, from whoso article I have taken a sketch of the 
elonpatmg blastocvsl (Tig 2) The mo<Iem cmbnrologist 
in able to remove such delicate structures intact bv floating 
Ibcm out of the utcrun, pamntnkingW opened under »aU 
solution with fine scin^oni Awkwardlv cnugbl up, however, 
on the kTufe-point of a 17th-cmtury pioneer, tlicv would 
stiek and pull into formless tangles 

‘*T!mn Harvey sought the truUi m Trutli s owu book 
— Creation — w-bicli bv Gotl himvclf was wnt,” 

but found the writing dim, or vision blunTtl 

Tlic difference liclwcen the blaslocvsls of the deer and 
the rabbit, so rindlv illustrated bv the slorv of Harvev’s 
and dc Graars investigations m merclv one example of a 
gmeml diversity among the cnrlv embrvon of the various 
manunaln No two i|>ccics arc cxnctlv alike m appearance 



rjntrjoi of iprdos Ib tht bUilP«y*t itspr •bovln;; the 

rrtwral foTOi wlikt Ibey atUlo before ttUrtaoroL (Pip after Ilnuert 
after Sakarat) Sole the noall rmbrjoolc disc (liu>« cell mass) on 
eaeb blasloejsi. aU tupdfird aerrral dlameten bnt not to exacUr Ibe 
same acak. 
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and rate of development- The hoofed ammaU (ungulates) 
have elongated blailocysta like those of the deer The tow’s 
ovum for example has reached only the 4-cell stage when it 
arrives at the uterus, but m less than two weeks it grows to 
the enormous length of 80 centuneters, or more ^qti one 
foot, A whole litter of such embryos, averaging ten mdi 
viduals, and sometimes numbering two dozen, can only be 
accommodated m the uterus because the blastocysts are 
shortened by a sort of accordion pleating Rabbit blasto- 
cysts remam roughly spherical, but toWai5 the end of their 
free-floatmg stage (6 or 7 days) they are flabby, like partly 
filled water Mgs. By far the handsomest blastocysts I hap- 
pen to have seen arc those of the dog, which arc tightly dis 
tended with fluid, so that they are truly spherical, under 
low magnification m a good h^t they slune like httle gems. 
The rate of travel through the oviduct and the tnne re- 
quired to achieve attachment to the utenne waU also differ 
from speaes to species In most of the known mammals the 
embryos reach the cavity of the uterus on the 4th day after 
leavmg the ovary This is true, for instance, of both the 
mouse and the sow, although the oviduct of the sow is about ' 
40 tunes as long os that of the mouse. In the dog and cat, 
however, the journey is known to take about a week. The 
period durmg which the embryos he free m the uterus is also 
variable. The rabbit’s embryo becomes attached on the 7th 
day, the rhesus monkey’s on the 9th, the pig’s about the 
18th In thedeer, as we have seen, the embryo remains a free 
and unattached blastocyst for many weeks In very recent 
years American zoologists have found a similar condition 
m three fur-bcarmg carnivores, the badger, marten, and the 
weasel, and m an dentate, the armadillo Every time, m 
deed, another species is added to the list of which the early 
development is known, something new or difi^erent m form 
or behavior b»s been found. When the segmenting ovum and 
the free blastocyst of the human species become known, we 
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inay be sure that m thetr own way they wiE be somehow 
dis^ctrve. 


3 

The youngest human emb ryo which has thus for been dis 
covered is beheved to be about 7^ days old This object, a 
veritable jewel in the treasury of saence, was obtained in 
lO^SbyaBostonsurgeon, John RocL, and Arthur T Her 
fig, the pathologist of the New England Free Hospital for 
Women. Its discovery was not altogether a matter of 
fbfln ry, for the two physicians, well aware of the opportu 
mty afforded to science by their busy gynecological service, 
have been systematically searching for early embryos m 
uten which have had to be removed m the hospital, and dur- 
ing the past few years have thus found a score of exceed 
mgly v^uable speamens This parbculax embryo came 
from a woman 38 years old, the mother of 9 children. When 
the uterus came to Hertig^s laboratory table, he carefully 
opened it so as to obtain a view of its cavity something like 
that shown m Fig 1 At first he could see nothing, but after 
the uterus was placed in a hardening fluid he found on the 
rear wall of the cavity, at the spot marked by a dotted 
square m Fig 1, a tmy elevation, barely dastmguisbable 
from the surrounding tissues. The photograph at natu 
ral iixe, Plate Ht, A, illustrates chiefly the mconspicoous 
character of the embryo the adjacent picture, B, repre- 
sents it enlarged 6^^ diameters, as Hertig first saw it under 
his lens The specimen was then placed m the care of the 
Department of Embryology of the Carnegie Institution of 
Washington, at Baltimore, of which Dr Hertig is a Re- 
search Associate. A block of the uterine wall including the 
embryo was cut on the microtome by Dr C, H Heuscr mto 
a perfect senes of sections 6 microns ( /^ooo ^ch) thick. 
These were mounted as usual on glass slides and stained for 
microscopic exommation. As Embryo 8020 of the Carnegie 
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CoUcchon tie sections arc pnaemd m a fireproof vault in 
Baltimore. 

Fig C of Plate HI reprcflcnU the embryo as it appears 
in one of the middle sections, magnified 100 diaracters For 
the benefit of readers wlio are not accustomed to the biolo- 



Fto. 8. Schanatlc lnJm*a embryo iboot TH d«yi oW 

(Camegla 8030) drum by J F DIdotcb from •kcldi by totbor Tbo em- 
bryo h fbowo M If cut In two u It lie# Imbedded Id tbe w*ll of the ateru*, 
only tbe lower hiUf being Elortrwted. Tbe upper expo»ed torfecc li 
proxlmateJy tb*t of tbe jeetios Id Pinto IJI t In thb drawing tbe width 
of the c*Tlty of tbe bUitocyit b*i been eauggeraled for tbo ttJte of de*r 
net*. Arrow* Indlcnte growth of tbe IropbobUit Into tb* Unlog of the 
Btero* (eodotnetrloro) Mignlfled about ISS dUrncter*. 
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gist’a art of unagming things m three dimensions from flat 
sections, I have provided (Eig 8) a sort of Mimensional 
view which cats the embryo m two like a grapefruit and 
shows the lower half imbedded m the uterus The imaginary 
cut surface at the top is the plane of the photographed 
section- 

It is evident that the embryo is really a blastocyst which 
has passed a httle beyond the simple stage already shown 
m the mouse and monkey (Plates I and II) It is a hollow 
structure, not spherical as m the mouse, nor tubular ns m 
the pig, but flattened like a covered bowk It is no longer free 
m the uterus, os it must have been until a day or two before, 
but IS three^fourths buried m the utenne walk The uncov- 
ered part of the blastocyst is made of thin cells like those of 
the monkey embryo in Platen butthatpart which is sunk 
m the uterus is ab^dy several odl layers thick and is obvi 
ously growing into the maternal tissues. This thickened 
part IS in fact destined to be the means not only of attachmg 
the mfont to the mother but of procuring nourishment from 
her tissues This we shall explain later, but meanwhile it 
will be convenient to give this part of the blastocyst rts tech 
meal name, irophoblart (“nourishing gcrrmnal tissue”) 

The cavity of the blastocyst is not conspicuous m the 
photographed section, for it has been diminished by a proc- 
ess of flattening not known m many other species In the 
pen sketch the cavity has been exaggerated (re-distended, 
so to speak) for clearness A typical inner cell mass pro- 
jects mto the cavity In this clump of cells there is a small 
space, the future ammotie cavity, next to the trophoblast, 
and there is a cap of new cells, shghllv difi'ertmt m appear 
ance from the rest of the cell mass (from which they were 
evidentlv formed) on its inner surface next the flattened 
cavity This is the rudiment of an inner layer of cells which 
will play a prominent part in the future of the embryo. A 
similar layer, already beginning to spread beyond the inner 
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cell mass onto the inside of the adjacent trophoblnst, is seen 
in the monkey’s blastocyst (Plate II, B) 

4 

In order to understand completely the early Iniman em- 
bryo and afterword to assess ito points of resemblance and 
dissnnilanty to tliose of other species, we should have to 
follow through the carhcst stages of many' other mammals. 
Both the writing and the rcadmg of this chapter would be 
easier if we could avoid such a task by taking one “^rpicaP’ 
species as a standard — a sort of yardstick by which to meas 
cire human peculmrrties. There is, alas, no such type. What 
ever the original ancestor of all the mammals may have been 
as on embryo, all of its descendants have deviated m vanons 
ways, even at the early stage* we are now about to ducua. 
We should, however, plunge into hopeless confusion amid a 
stack of treatises on each speaes if we tried to make our 
comparisons witli each species separately, saying “m this 
trait a human embryo is like the monkey m that, it resem' 
bles the pig or the rabbit,” To save time let ui frankly set 
up on arbitrary standard 1^ selecting from among aU the 
various species the simplest or the most explanatory details, 
combining them into diagrams that will best help us under 
stand the unfolding, complicated as it is, of an embryonic 


DESCRIPTIOV OF PLATE III 

A, B bamMa aab rj o ot 6 mj 9 (CvTugie CoCcetkn, >«o. tOSO) A, 
rear wmD of ntena, «boat % natunl rii*. ImpUnUtion file tt tem « * 
tiny dot lr>dk*ted by arrow B ImplmtatlOD ilte, m*giJfled iboot 
dUnKter*. C, a •ectlon tlcrtjagb middle of embryo, ma^fied about 200 
diameter*. Till aame tection U reprcMoted aa tbe upper iiirfaec In text 
Fig 8, wbkb win ieTTe as an expUnatory diagram of this photograph. 
Courtesy of A T Hertig and John Rock. 

D cross section of Inmun embryo about IS days old (Carnegie CW) 
EQastratiDg amnion and germ Ujers. Amm, amnioni Ect, ectodermi 
toesodermi End., endodenn. Tttis Is tbe embryo shown fn Plate VJll A, 
llagnllled about 110 diameter*. Courtesy of C. n Ilcuser 
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ahip between widely different kmdfl of ammels than this ap- 
pearance of a yolk sac in mammals. Every student of na 
ture must assume it to mean that all the vertebrates had a 
common ancestor which reproduced itself by means of ex 
temaHy laid eggs richer m yolk than those of mflmmflb, 
This IS indeed one of the clear pages m the embryomc ar 
chive. But the yolk sac is no mere historical exhibit it be- 
longs to Q hvmg organism. Even though it comes mto bemg 
thr^gh the persistence of an anaent inheritance, rt is part 
of a creature which has to make its hvmg continuously and 
m narrow quarters. There is no room for ancestral rehc*. 
The yolk sac must be put to a new nse or disposed of 
promptly We shall see what happens bnt meanwhile the 
embryo is growing as we talk. 

The next advance we have to consider is mdicated at the 
top of Fig 4, C The mner ccH mass, which has been flat 
Icned mto a disc (germ disc) between amniobc cavity and 
yolk sac, IS b^mning to settle, so to speak, farther mto the 
center of the blastocyst, and a circular fold of trophoblast 
IS rofliug up all around and over it To understand this, the 
reader must imagine the diagrams in the round suppose 
yourself, for instance, looking down through the ever 
narrowing drawstring of this fold, onto the upper surface 
of the germ disc see Plate IV, B, which iDostrates the same 
process m the pig 

When the folds meet and close, we have then a cavity 


DESCRIPTION OF FIGURE 4 

Fa. 4 Conreatkmtnttfd dlMgruaa ot the d^Triofment of • 
em brro aod Its t a et u brmBes. Explsnsttoa hi text. In B snd C the eelh of 
vUch the blsstocjTt Is msde sre sbovn dlapr»iniD*tIc*nyi In the otb q dU 
grsms the stractairs are r ep resented by Unes only to slrapUfy the 
For the same reasoo, the uterine vails are omitted In B C, D> £• 
orals ■"<1 tvlg-Dke outlines hi the yoDt sac and allaiitols of D E, F lepr*- 
smt sections of blood resiels. AIL, allantoU t Am., smnhn | TA, jnDc »•€. 
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above and about the germ disc, roofed over by a new mem- 
brane which IS called amnton from Greek amnot lamb 
named, no doubt, m some ancient sheepfold when the ewes 
were givm^ birth* As shown in Fig 4,D, the place of closure 
of the anmiotic fold mayperaist as a temporary connection 
m the pig, for examp le, it holds on for a few days as a tough 
little string, a quarter mch long, but finally it breaks off 

And now the germ disc is turning itself into something 
with a head and tail and a gnt space that will later be stom- 
ach and mtcstines (Fig 4, D, E) These are the first obvi 
ous signs of the prospective body of the new mammaL AD 
the rest — ^trophoblast, amnion, yolk sac — wiD serve only 
for mtra-ntcrme nounshmenl and protection and wiD be 
cast off at birth* From this pomt on, the word “embryo” 
win therefore be used to denote the embryomc body, inst^ 
of the whole product of the ovum as heretofore. 

The fluid filled anmiotic cavity now expands all round 
the embryonic body, somethmg like a loosdy inflated bal 
loon settling over it, and the space witbm tbe amnion keeps 
on growing until the embryo floats up m it and is thus al 
most surrounded by fluid and is protected from shock and 
from the flattenmg-out of its jeDy like tissues by their own 
weight. (See the later stages m Fig 4 and the photograph, 
Plate A.) 

At the stages shown m Fig 4, B and C, tbe embryo con 
sists of two cell layer* as alreadv explamed, namely the 
eciodem (“outer layer”) comprising roe germ disc and tbe 
trophoblast, and the endodeim During the second week a 
third la 3 -er of cells makes its appearance between the ecto- 
derm and endoderm, as indicated by dashes m the diagrams 
D, E, and F of Fig 4 This new layer is called metodenn 
(‘^tennediate layer”) As the embryo and the membranes 

grow the mesoderm spreads out mto tbe spaces of the ongi 

nal blastocyst canty which are not occupied by embryo, 
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ftmmotic aac, and yolk sac. The three layers are very clearly 
ahoTm m Plate HT^ D, photographed from a human embryo. 
From these layers all the tissues of the body are denred- 
It is roughly correct to say that the ectoderm gi^es nse to 
the outer skm and to bram, spinal cord, and nerves the 
endoderm gi^ rise to the digestive tract (stomach, mtes- 
hver pancreas, etc.) and to the respiratorv organs 
the mesodenn provides the skeleton, muscles, heart, blood 
vessels, and connective tissues All this is set forth m any 
good encyclopedia under “Embryohigy” and more folty m 
the textbooks, Tchere the reader if interested may pursue 
the subject. The point of presoit interest for us is the se- 
quence of development first one cell, then a blastocvst of 
one layer, then the two-layered (bflammar) blastocyst, and 
finallv the embryo of three layers. I^ng ago the zoologists 
noticed that the whole annual kingdom can be arranged m 
a sraiiUr sequence. There are annuals of one cdl only, the 
protozoa Other low fonns, mduding the coelenterates 
(e.g., hydras, corals, sea anemones, jelly fish), are made 
of cells m two layers, an outer skm and a digest rr t> 1 m - 
mg AH the other animals have tissues derived from three 
einbryomc layers Creatures ns diverse as the segmented 
worms molluscs, crustaceans, and insects develop (m their 
embryonic stages) three layers — ^no more, no less — ^which 
are recognizably similar to those of the vertebrates m the 
wav they contribute to the various tissues and organs of the 
adult. It follows from this that all the anrmnK of greater 
complentv than the protozoa and coelenterates go through 
some sort of one-layered and two-lavered stages m their 
embrvome history ^lany of them develop bflammar blasto- 
cysts 80 much like those of the TnnmTnwIs that anyone would 
recognize the resemblance. Hus is one of the numerous facta 
which support the so-called Biogenetic Law that higher 
animals m thar various embryomc stages tend to resemble 
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the embryos of lower forms which is only explainable if we 
suppose that each fpeaca os it develops builds upon a foun 
dabon of structure which it inherited from its ancestors 
The mammal, when it is on egg^ resembles in its umccUolar 
character the egg stage of all lower animals, when it u a 
bilaminar blastocyst it resembles in that ropcct the em- 
bryos of other mammals above the protoioo. When it u 
a trflarainar embryo, it resembles tJie embryos of lower 
trflommar animals for example, a mammahan embryo like 
those shown m Fig 4, E, and Plate IV, D, m winch the 
embryomc body is spread out along the top of the yolk sac, 
in the watery environment of the amniotic cavity, is defi 
nitely similar, m nwrc details tlian can be shown here, to a 
young fish or amphibian embryo (see Plate IV, D, E) But 
oil this IS probably well known to many readers and is men 
tioned now simply as a background for our subsequent dit- 
cuMion of early human embryos 

Durmg the first few days after the arrival of the blasto- 
cyst m the uterus, it hes free in the utenne cavity Because 
it IS very mmute, its needs for food materials and oxygen 
can be met from the small amounts of these substance* ti^t 
ore present m the maternal cnvironmcml and which pas* 
into the blastocyst by diffusmg through its walls. As it 
grows, however, it comes under tlie compulsion of the mathe- 
matical law that the surface aTailablc for diffusion m 
creases as the square of the diameter, while the bulk of its 
tissues whicdi must be nourished grows os the cube. Obvi 
ously a larger and more efllcicnt surface of mtcrchaugc 
must be provided Soon, therefore, its outer layer, the 
trophoblast, comcM mto contact with the Iming of the uterui, 
m some snch way os shown m Fig 4, A. Thus begins the 
attachment of the embryo to the mother What happen* 
thereafter is extraordinarily different in the vnnons lands 
of animals In some, for example the pig, the trophoblast 
simply applies itself, as it balloons out, to the inner surface 
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of the utenne tube, so that -whatever nutnbve substances 
nre made available by the hnmg of the uterus are received 
directly into the trophoblastic wall (see Fig 18, A) In the 
majonty of animals, however, the outer layer of the blasto- 
cyst develops more intimate contact with the mother by 
means of branching outgrowths or even complex labyrinths 
(conitrucled something like the honeycomb radiators of 
motor cars) which push their way into the maternal tissues 
as the roots of trees push mto moist and fertile ground, seek 
mg nourishment (Fig 18, B, C) Such on organ of attach 
ment is called a j^acenta (Greek plakuos a flat cake, from 
the shape of the full term human placenta) The different 
types of placentation ore of great importance for the das 
sificabon of amnmls and we shall see later that there is 
much to be learned from the human placenta about the 
place of man among the animab 

Consider the situafaon of an embryo endosed m a tropho- 
blatt sheik such os that represented by Fjg 4, D and E, 
which has just begun to establish contact with the utenne 
Iming It is rapidly becoming too large and complex to 
depend upon sunple inward diffusion of nutnbve soluboni 
thibugh the outer membrane, and its need to obtam oxygen 
aho calls for a more efficient service of supply This diffl 
cullv IS met by the development of the heart and a system of 
blood vessels which provide a circulabng blood stream to 
brmg foodstuffs and oxygen from the rone of contact with 
the mother, carry them throughout the growmg embrvo, 
and tahe away the wastes for disposal mto the maternal 
blood. 

The first blood vessels take form m tlic mesoderm -wluch 
^8 condensed on the yolk sac ond within the embryo This 
fact probably ha* its place in the historical archive let us 
imagine the pnraibvc protoranmmalmn embryo compelled 
V tome evolubonary crisis to adjust itself to hfc witlun 
te mother, unlike its km which hove nlwavs developed in 
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the water It ib already pronded with a yolk sac contammg 
nutrient yolk, and with blood vessels from the yolk lac to 
the embryonic body for the transport of foodstuffs. The 
yolk sac is moreover the most promment port of the total 
creature and the most Kkely means of mn.lnn g contact with 
the uterine lining We can easily imagme it settlmg mto 
contact and so placmg the blood vessel network m close ap- 
posibon to the uterme surface Thus we have the begin- 
nings of a placenta. As the evolutionary process went on, 
the need for actual yolk would disappear because food was 
bang filtered m directly from the mother, but the yolk sac, 
now useful in this new way, would persist. 

This IS only a conjecture, for the whole page of natiire*i 
archive at this point is tom out , but it is a fact that in many 
mammals the yolk sac makes functional contact with the in 
Bide of the trophoblost shell, as indicated m Fig 4 at bot 
tom of diagram F, thns creabng a yoDt-aac placenta ITie 
blood vessels of the yolk-sac wall grow mto processes of the 
trophoblost which mterlock with the utenne Immg, and 
nutnentsand oxygen filter through thethm blood-capiTJary 
walls into the flowmg blood and ore earned to the embryonic 
body for use. 

If that were the whole stoiy of the placenta, this chapter 
would be sooner done. It seems that the yolk-sac placenta 
bon proves to be not entirely adequate, for m every placen 
tol mammal (the marsupials do not enter this discussion) 
there 18 some sort of further addibon to the placental sys- 
tem, until mdeed the placenta becomes the most varied of 
all the organs of the animal body and the most difficult to 
understand and eiplam The placentas of mouse, elephant, 
and man, for example, ore more different from one another 
than the brains or even the noses of the same three species, 

Tp-b^in with, the yolk-sac placenta is always transitory 
great many speaM it u supple- 
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mentcd and usually superseded by a canons stnicture, the 
aUaniou {Gn^tautage like probably because of its enor 
tnous sire and swollen, elongated shape m the pig) This is 
a »ac-like outgrowth from the endodermal rudnnent of the 
gut canal m the toilward part of the embryo (sec Fip 4, 
E, F, nil*, and Plate C) That part of it which is within 
the embryonic body ultimately becomes the urinary blad 
der It grows out and expands m all directions, billowing 
OTCT the amnion, crowding inwardly against it and out 
wardly against the yolk sac. If the reader has difficult visu 
alinng this explanation of the allantois, let him insert a 
child’s lausagc-shaped rubber balloon into a paper bag and 
blow it up until it fills the whole space. If there are a couple 
of orangta m the bag, representing the omniohc sac and the 
yolk sac, they will be crowded and closely oyerhiid by the 
rubber membrane. The allantois, issuing as shown in Fig 
4, r, from the caudal end of the embryo, fills all the avail 
able space and presses mto ultimate contact with the inside 
of the trophoblasl shelL As it grows out of the onbryonic 
body it picks up a coating of the mesodermal tissue through 
■which it pushes, and 15 thus provided with the'hnalangs” of 
blood vessels In this wav allantoic blood vessels reach the 
farthest part of the trophoblost shell and enter the tissues 
of the placental attachinent. 

The allantois is not pecuhar to the mammals It is a regu 
lar feature also in the embryology of reptiles and birds, m 
which it serves chiefly as a respiratory organ a land of lung 
if you like spreading out its blood vessels over a large area 
of the msidc of the shell, and there taking up transpired oir 
for use of the growing embrro The allantois is thus an ira 
potiant item m llic hisloncnl archive of the embrro and is 
to l)c counted among those facts which suggest that the 
birds, reptiles, and mammals have a common ancestral 
history 
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I mufft emphasize agam that the story of early develop- 
ment just given ifl only a simphfied diagraitL There is no 
one animal with a history just lilce this, and m fact every 
smgle feature may be and is different in one or another ipe- 
acs We can say without reserve only that all mammals 
arise from one-celled eggs, pass through a blastocyst stage, 
and thereafter develop the embryonic body from a disc on 
the floor of an anmiotic cavity within an outer trophoblastic 
shelL These fixed items present themselves, h o we ver, m an 
infinite set of vanabons The time-schedule of development 
is not the same m anv two speaes the blastocyst takes vari- 
ous shapes the amnion forms in a variety of ways the 
yolk sac may be large or small, closed or open, functional 
or atrophic , in some of the rodents it turns itself almost m 
side out the allantois may be absent, small, large, immense. 
The effort to analyze all these diversibes and to get some 
sort of meaning out of them — to use them if possible to learn 
more about the interrelabonship of the various orders and 
farruhes of mammals — has become a special branch of biol 
ogy, of ostonishmg complexity and difficulty The jungles 
and hnisides of the world must be ransacked for out-of the- 
way species which may fill the many gaps embryos of squir 
rd and rabbit, sheep and dog must be set beside those of 
macaque and armadillo and of unheard-of creatures from 
distant lands like the tarsier, tcnrec, and tupaia the most 
skillful arts of the microtomist, opboan, photographer, 
and draughtsman must be pul at the command of analybe 
science. At the focus of all this effort stands our own speaes, 
whose earhest embryos ore scarce and inaccessible not be- 
cause of distance or mnty but because they come to the 
laboratory only through hands of the surgeon, os by 
products of human distress and the urgency of the operat 
mg room- In the laboratory where these words are being 
written, 9,000 human emb^os and fetuses have been en 
tered m the record books each one with its history of fms 
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tration and its challenge to new discovery, each an honored 
and cherished gift upon the altar of truth 

5 

Let us now attempt to sketch the development of the hu 
rrmn embiTo during ita second week, and on to about the 
16th day, as far as can be done from present evidence. The 
material for such a studv consist* of about two dozen spea 
mens, of which one-fourth have been obtained by Hertig 
and Rock and are m the Cam^e Collection m Baltimore, 
the rest being at various laboratories m Europe and Amer 
ica. The carhest (Carnegie 8020) has already been de- 
scribed above and from it we have learned that like all the 
other mammals man goes through a blastocyst stage. This 
rtatement will hardly startle present-day readers, prepared 
as most of them are to recognize onr own spemes ns one 
among the annuals but it is something which has had to be 
proved agamst a contrarr hvpothesis Unbl a decade and 
a half ago, it must be remembered, nothing whatever was 
known abont the embryology of man earher than about 15 
days. The carhest specimens then at hand were just enough 
different from the spemes of which the early development 
was well known to be very puizlmg Aly professional col 
leagues wiH thmk of the Peters embrvo, of the Teacher- 
Biyce embryo which the late J H Teacher kept m a *afe in 
hi* own hou»e in Edmburgh, and a few other specimens of 
about the same age, some of which we now know were ab- 
normal or badly preserved Studying them, it was not evi- 
dent how they could have developed from a typical blasto- 
cysl stage, and it was supposed by some very good emhiy 
ologists that the human embryo must contmue jn the sohd 
(morula) form without hoHowing out into a blastocyst, and 
only much later at 10 or 12 days perhaps develop its am- 
uiotic sac and yolk sac in some none-too-clearly envisaged 
^ay One fuch conjecture, that of von MSUendorff (1926), 
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IS shown m Fig 5, E for comparison with tlie factual dia 
grams m Figs 8 and 6, D There is an ever-present tend 
ency to represent mankind as different from the beast*, not 
only because of religious doctrmes but also no doubt be- 
cause of unconscioas pndc in our own species, which may 
lend even biologists to expect somethmg peculiar m human 
structure:. 

Already, however, a few early embryos of several kmds of 
monkeys had been described by the great Dutch embry 
ologist Hubrccht and by the German Emil Sclcnko- From 
these the enatcnce of a blastocyst stage m primates other 
than man was known, and was built into a theorctica] pic- 
ture of human origins m a distinguished Crooman Lcchire 
given before the Royal Socie^ of London by J P H31 ra 
1982 In 1023 the Carnegie Embryological Laboratory be- 
gan systematic collccbon of embryos of rhesus monkeys by 
breedmg them in a laboratory colony, as a jomt enterprise 
of C H Hartman, G L. Streeter, and C H Houser By 
1988 Streeter was able to describe, with lupcrb photo- 
graphs, four monkey blastocysts 8 and 9 days old, showing 
that this particular pnmat^ obviously much hTce man m 
many ways, possesses a blastocyst so general in its structure 
that it could safely be used to excmpbfy a tjrpical mam- 
maban blastocyst Finally we have the evidence of the early 
human embryo described above (Carnegie 8020, Plate III 
and Fig 8) This is authenticated as a normal specimen by 
the evidence of others, shghtly older, next to be described 
and it proves the cxiitcnce of a blastocyst stage m man Ad 
mittcdJy this particular blastocyst has already entered the 
period of attachment, and we cannot know what it was like 
m the free-floating stage Earlier specimens ore greatly to 
be desired, but we already know enough to avoid any further 
risk that pndeful or mystical tlunl^g may separate oar 
own species radically from its fellow creatures. 

The reader may, however, have noticed that the human 



81 


The Eitbbto ab Gebm aito as Archive 

blastocyst thus seen on or about the 8th day is quite differ- 
ent m at least three detaiU from the comparable stage of our 
synthetic mammahan embryo of Fig 4 (1) on the side 
toward the uterus the trophoblast is greatly thickened, 
forming an mvasive mass of cells whidi is already spread- 
ing mto the tissues of thfe mother (£) the embryo is deeply 
nnbedded m the uterine wall, bemg two-thirds buned there, 
of merely becoming attached to the surface by con 
tact (8) the ammohc cavity is bemg formed early by a 
process of the trophoblast sphttmg apart from the embry 
omc disc instead of foldmg over it. The first of these fea 
tures, namely precoaous growth of the trophoblast, is (I 
beheve) unique m degree among the known mammals, a 
fact which may comfort those who crave distmctrveness for 
man but the rhesus monkey shortly develops somethmg of 
the same sort and the great apes are yet to be beard from. 
The other features, the subsurface (mterstrbal) implanta- 
tion and amnion formation by splittmg away or ‘^cavita 
tion,” are characteristic of certain other mammals * 

Until we see the human blastocyst in its free state, we 
may permit ourselves a cautious guess that its progress be- 
fore implantation must be a good deal like that of the rhesus 
monkey Fig 6, A to C, shows diagranimatically the early 
attachment of the monkey blastixyst up to the stage rt 
reaches at 10 days (C) The human embryo must be some- 
thmg like this but at an earlier time about day 7 By day 8, 
if Carnegie 8020 is correctly dated, it has already bur- 
rowed much deeper (Fig 6, D) than m the 10-day monkey 
It IS generally supposed that when the early embryo mvades 

2. I do Hot rtih to oTtremphulxe the dilfcrtiKxa between these modes of 
lusUoD I further mesreb nmj- perfaA|>s mr*! c fmidaiaeatAl 
"®nsritj tn principle, between the nKrTemests of ceUt wUch resolt la 
Pfo*ttlng the esTltj whether by folding or by splitting ( carlUtloD ) < 
tl* obserrablc modes ire eertilnly u dutlnctlTc ss msoy of the 
chaimct eristics of sdnlt ■ntmaU tmon which tixenomje clissifl- 
**lIon b bftsed. 
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the matxininl tjRsue, a* it docs to vanous degrees m man and 
the clumpanxec, the guinea pig, the gopher, the European 
hedgehog Ennoceus, and some otlier species, it does so by 
acbon of some sort of digestive ferment claimrated by the 
trophoblast 

During the second week the development of the human 
embryo is qiutc different in certam details from that of 
most of the other mammals Without a runnmg explanation 
the reader might strive in vam to understand the diagrams 
of this penod (Fig 0) m terms of tlie generalized pmn of 
Fig 4 Fig 6, A, represents a section of another of the 
Herhg Rock embryos, Carnegie 7C09 It is about 11 days 
old. The maternal tissue of the utenne surface is growing 
over the implanted embryo and will soon cover it At the 
same time, the trophoblast contmucs its precocious achv 
ity, creeping outward m aH directions and eroding away the 
maternal tissues with which it comes in contact This cnof 
mous increase of the trophoblast u tlic most striking fea 
turc of early human dcrclopracnt As the trophoblast grows 
it becomes cavitatcd witli irregular spaces called lacumu 
which become filled witli more or leas stagnant blood from 
small maternal veins (not shown m the diagram) that ore 
opened by the advancing trophoblast From tins blood it 


DESCRIPTION OF FIGURE B 

Fm. 0 DlagT*nii A D »od C Illaitr*te three lUges of the ettedHDnit of 
the r bcjni monkey enibrjo, by WlilockJ eod Streeter from ipediDcni to the 
Ceroefla CoUectfon, A free tUrtocyet, P deyi oldj D blaJtocyrt In cofr 
Uct with lining of nterm, 9 d*yf| C, 10 deyij note trophobUrt (*«^ 
hlidc) eroding the tnrfiee leyer of the endonjetriara. D repretenti the 
hmnta embryo at Its earllett known ftage (Camegte 0020, fH Tte 

blutocyit already become Implanted below the inrface of the endo* 
metriam, , 

The llx tmall diagrama abore the letter E tnoatralo a bypotbetJeal o. 
pUnatlon of the early embryology of man, propcaed by a Etirope« em- 
bryologlit before the ape d mena Illnatrated In A to D were known. Tb^a re 
shown to etnphaalK the recent adraDCsa fn knowledge of primate embry 
ology 





Fia. 0. Dlagrtms of soctioos of esrij anbrjoc, tbowiog tbe derdoiH 

tDcnt of tmnton, joQc fae, prlrnttfre isc»ofalut, trophoUuti and tHIL Tite 
licnnao mmtkm^ hi the text are reprewsted hj vMte tpacef In tbe dl> 
agaoaDj abaded tropboblaxL A, 11 ^jt (HerUi^Rock, CanKflc TflW)| 
B 11+ day* (Miller Strwter Caniegte 4900) t C. 12 dayi (Hertif-Bodc, 
rjmegt e 7700) i D 12+ dayi (Werner-SUere) j E, abont IS di^ (Ed- 
varda-Jona-Btrarr) All magnified 80 diameter*. From tbe 6*r»#/te 
Ccuiribuitons to Embrjolo/j by eo mte ay of Artbnr T Hertig and John 
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presumably extracts material for tbe embryo Withm the 
trophoblnst iheH there is a germ disc derived from the umer 
cell mass like that of other animals. Above this disc the am 
motic cavity, which began as a tmy deft between the inner 
cell and the trophoblast, grows larger and the cells of 
its roof form a definite layer The endodenn cells spread out 
to form a circular plate below the germmal disc so that we 
have a bflammar embryonic body forming region of ecto- 
derm and endodenn as m other animals (compare Fig 
4, C) The endodenn does not, however, simply Ime the m 
side of the trophoblast shell m a single layer, as is common 
m other anim^< Exactly what does ocenr at this stage is 
not yet clear, for the senes of available specunens is too 
sparse to give us all the details. Already at 11 days (Fig 
6, A) we see that a few cells ore moving from the region of 
the embryomc disc out mto ncighbormg regions of the 
blastocyst cavity Soon afterward (Fig 6, B) the cavity 
becomes lined or partially filled with a loose network of 
new cells, leaving a reduc^ inner space yoofed with endo* 
derm and walled by a thm membrane of the loose cells, Smee 
this dehcatc inner sac is something new to snence and has 
had to be named quite recently, in the Carnegie Laboratory 
we often refer to it as HeuseFs membrane, because our col 
league C H Heuser was the first to emphasize its exist 
encc. In the diagrams, however, it bears the more formal 
name ext>coelomic membrane In a few days it becomes 
thicker and more sharply defined and thus forms a small 
yolk sac (Fig 6, D) 

Just how to correlate this spongy inner tissue with the 
bme-honored three-layer systoa is at present a puzzle to 
the speaahsts on pnmatc embryology Part of it appears 
to enter, os olrcadv stated, into the formabon of the yolk 
sac walk Shall wc then call it endoderm, even though it does 
not resemble the charactcnsbc endoderm of the embryonic 
disc? On the other hand, the rest of it behaves like connecbve 
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tiisne (mesoblflst), E-hich soggerta tliat we classify it as 
mesoderm, bat then we must admit that it arises preco- 
aonsly, before the yolk sac u complete. The labeling of our 
diagrams gives preference to this mterpretahon, callmg it 
extra€Tnbryomc vteiohlcti For the tune bemg let us leave 
the experts to lose sleep over this problem ib importance 
for us, and the only reason for bnrdenmg the reader with so 
technical a quesfaon, is that fhn particular sequence of 
events has been seen m two epeaes b^des man itoccunm 
the rhesus monkey, and is known by reasonable inference 
to occur m the dumponiee. These three are the onty pn 
mates whose very early blastocysts are known AH thiro are 
alike m this striking parbcnl^ty, differmg thereby from 
mammals of all other orders. In one other speaes only has 
somethmg hTie it been described, and that too is rclatol to 
the apes and monkeys, namely, Galago, one of the Afncan 
lemurs In the pnmitrre pnmate Tarsms, and m the South 
Amencan (Platyrrhine) monkeys a somewhat later but ftiH 
relatively precoemus ongm of the extraembryonal meso- 
blast is known to occur On this page of the amhive of the 
embryo, then, u written large and clear the record of a com- 
mon ongm, anaent though it may have been, of man and 
ape and monkey 

6 

I hope that the human bemg whose biography durmg the 
first weeks of life is bemg SMtehed herewith, is already 
something more to the reader than a diagram m a book- Thu 
IS your history I am teHmg and mme, and that of my own 
chfld and of yours Here m the laboratory we can of course 
study and depict for you only those whose lives have been 
mterrupted, and yet our ex pe ri ence trams us to th mk even 
of them as witnesses of life and growth- They never scon to 
us static or defunct. I have heard an embryology who 
thought hnnself unsentimental and impersonal talk affec- 
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honatelv of a handsome three-weets emhrro as *Tie^ and 
speaking for mpelf, I seldom sit at the microscope to study 
one of uiese mdividuaU sre call “specimens*’ -Kithonl the 
thought that here is one who hut for the turn of circum- 
stance would have taken his place m the army of the living 
A microscope shde, saT* Professor W B Cannon, is a 
frozen moment m the fioi of life. 

Realize, then that man even m his earhest weeks faces 
uncomcionslv the unending problem of getting along m hjs 
world- Life is a paradoxical career m which the mdividual 
must both accept and contend with his environment, at once 
strngglmg for independence and adapting himself to ccr 
operabve action Before birth this effort and adjustment 
are a matter of physiology alone only later is the struggle 
complicated by problems of mentality and toaaJ custom and 
by those workings of the spml through which a roan must 
pilot his mdmdual life to success or failure m his commu* 
mty, to achievement or martyrdom, to turmoil or mward 
peace. For the embryo in the uterus, pilgnm s progress be- 
gins with the process of attachment or placentabon, by 
which the human child is to wm his nme months of prefatory 
hfc- Thus early must he contend with his environment — 
which for the time being is the Immg of his mother’s uterus 
— and at the same tune must adjust himself thereto 

There is no wav I can make dear what the reader must 
next assmulate if we are to reach instructive condusions, 
without describing the microscopic anatomy of the uterus 
and of the placental attadiment between mother and 
It IS never easy to convey in nontechmeal terms an idea of 
the finer structure of the tissue of the hamim bodv but em- 
bryology without cell structure would be worse tKart a travel 
book without a map Let us therefore buckle down together 
for a few pages and try to build up (for subsequent use) a 
picture of the mtunate structure of the uterus and espe- 
cially of its lining membrane, the CTidometnum 
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The effort irould be ranch easier if •we could sit down to- 
other m my laboratory and prepare a specunen as shown 
m Fig 7 Taking a preserred human uterus from a jar of 
fonualui we cut it in two, lengthwise, with a sharp kmfe so 
that We can look mto the cavity, Fig 7, A- The oigan con 
Bists of an outer pear-shaped wall of dense involuntary 
muscle, lined with a velvety mtemal layer about 6 miTli 
meters mch) thick. Next, we cot out a honxontal slab 
of uterme tissue (B) and from this we detach a little block 
running down through the endometrium into the muscle 
(C) This we shall place on the table so that its upper side 
win be that which forma the surface of the Immg facing the 
cavity ne., like a cube of melon with the rmd downward 
and the pulp upward (Fig 7, C) After we have studied 
and sketched it under low magmficabon we shAll cut off a 
very thm shce (technically, tecUon) from one side, stain rt 
with appropriate dyes and photograph it through the mi 
croscope (Plate V, A) The uten of many of the animals 
mentioned in this book, unlike that of man and the apes, are 
two-homed as shown m the inset of Fig 1 When the tubular 
horns are small, we usually cut our blocks from their whole 
thickness, as one shces a banana, and therefore the thm sec- 
tions for microscopic study are round, with the uterme cav 
ity showing m the center (sec Plate V, B, m comparison 
with A of the same plate) 


DESCBIPnON OF FIGUEE 7 i 

Fm. T Blod diagram ibowlng atrnctnr® of the Bnlng of the rttoia (eado- 
loetrfoni) At A the vtena 1* repreacnted as If cut ta two lofthwite, to 

d»w It* lining AtBInbowmablodcentfrointbentmmainuIlp^of 

this 1* represented at C, turned so that the Inner surface of the endo- 
in e lil nn j b upward, showing the glaoda. At D a nnall part of C Is drrwn 
■ HTl mo re enlarged, to show that the |dands are eeH-Uned tubes dippliy 
down Iran the sar/aee epJtbeUtnn, At Uw right aide of C the hl^ Tosel* 
of the endonietrlnin are schema Ueallj indicated. Slightly modlJledfrtio 
Tfn EoTwum*» la Hwma* Jtaprorfaettoa by Georfe W Comer by courtesy 
of P rl nee t oo Unlrmlty Fres*. 
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Wc find that the surface u paved -mlh a single Injcr of 
tall cells and that at frequent intervals this surface layer 
pushes down mto the depths of the endometrium, fonmng 
finger like tubes closed at the ends, which reach almost to 
the muscle (Fig 6, C, D) These tubes are supported by 
spongy connective tissue and between them there ii a net 
work of capillary blood vessels supphed by artencs, os 
shown on the right hand aide of the block diagram (Fig 
6,C) The tubules arc m fact glands, able to take water and 
the ‘‘makings” of nutritive substances from the blood ves 
sels, build them op mto foodstuffs for the early embryo, 
and discharge the resultant secrcbon into the cavity of the 
uterus The endometnmn may therefore be compared to a 
quick lunch counter with a supply of raw foods in the rear 
(in the blood stream), a row of cooks and woitcn (the 
gland cells), and a line of customers (the cells of the enh 
bryo) m front The outfit does not however function m this 
way all the time, but goes into action when an egg leaves 
the ovary Therefore when the embryo reaches the uterus it 
does not find itself in on indifferent environment like the 
Bibhcal seed that was sown on stony ground- On the con 
trary, it finds the endometnum m a very particular state 
of r^mesa to receive and nounsh it The nature of the pre- 


DESCRIPTION OF PLATE V 

PitparatlcQ of tbe Dtenis for ImpIuiUUon of the ctnbrjo (prog«»UHoo*l 
prolifentloQ) in nbblt* end pl|c In eaefa oue the Mt-haod 

•ho»» the tnterrnl vUge, th© hand flgoTt iherw* the effect of tb* eor- 
poa Inteom hormone. A« thU proeena In the homan nterm, from tho fint 
deao l pHoo hr Hltachman and Adler IPOe. ftlagolfled aboat !♦ diameter'. 
B, the flrft pKtnres of progeitatloniil proUferatloo of tbe rabWt*i trtere*, 
by Donln and Ancel, ISlO Mapafled ahtml 9 dlametwa. C, tbe tame 
la the ntemi of tbe tow from preparations by the author Tbe Jeft-bs™ 
figore r cpicaentj tbe day before omlatkm, tbe rlght-hainJ aectJon was taica 
6 days after oralatlon. Jlagnlfled aboot 9 dlam^ra. From Tl# /7ors<«M 
tn Unman Rtpmiuctlan ^ George W Corner 1912, by coorteay of tbe 
Pri n ce to n Unlrerslty Preai. 
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paratory changes and how they arc brought about at ci- 
actly the right tune, makes a long and complex stor} which 
can onlj be summamed here I have reccnUy told it in full 
m another book written for the gcncml reader * When the 
Graafian folhcle dischaiges its egg (Fig 1) it is promptly 
conrerted by modificabon and growth of the cells of its hn 
mg into a special organ of ratcmal secretion, the so^llcd 
corpus hiteum or yellow body Tins structure produces a 
chemical substance (hormone) which is earned by the blood 
stream to the uterus and there induces a reraarLable change 
m the endometnum- The glands of the uterus begin to grow, 
to secrete fluid, and therefore to become dilated Their cells 
multiply so fast that there is not sufficient room for tlicm m 
the simple tubular wall, and the glands become folded or 
pleated. The tissue of the endometnum is deeply pervaded 
by these glands, and finally in a section of the uterus wc see 
amoreorlesslace-hkepattcm (Plate V,ngbt liand panels) 
representing the cross section of the gland filled endo* 
metmrm Direct experiment on anmmls by removing the 
corpus luteum m eorhest pr^nancy has proved tliat tins 
dianged {progettationcd) condibon of the uterus is abso- 
lutely necessary for nourishment of the free-floating blasto- 
cyst and for its implantation m the uterus 

Human embryos of the second week like those shown in 

8. Tk* Sorriontt Oi Iluwm lUprodncH/n (t«e BtbUogrspby) 


IDESCRIPTION OF PLATE VI 
A, sectlao of hamui oobrjo aboat IS 6*jt old (Canegle TSCQ) ibowli]^ 
the cmbrTo proper tad tbe placcatal tIUI, whldi tn beglnnlof to grow 
OQt from the eorelope (chorion) of the cmhiyo UtgnJflM 27 dUmeten. 
From Oonirfbutiont to Etnbiyolofj Camegle InsUhrtlao of Waihlafton, 
by couilmj of Arthur T Hcrtlg tod John Ilock. B C, two rlewi of • bn- 
Btto embiyo In the dwrion (lottct tt left, opened tt right) Ctrnejile 
^598, tborrt 5 «eeki old (t^ from ferttltiiMnn) 1118 tUB are beglimtDg to 
Ihln out on the mott tnperfleltl part of tbe chorion, h ote tbe yolk aac at 
l«bed to the belly of tbe embryo blagnlfled about dlametera. 
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Fig 6 and m Plates m. A, B, C and VI, A, are tlicrefore 
implanting themselves m endometna faHj prepared to re- 
ceive them. 


7 

As the demands of the rapidly growing emhryo for nutn 
ment and oxygen become more and more eiactmg, the 
trophoblast undergoes a farther change by which the sur- 
face it presents to the maternal blood bcames enonnonsly 
greater This new physiological adjustment to the environ- 
ment, which bepns about the 12th day, is well seen m Plate 
VT It consists m the formation of fine finger like processes 
of the trophoblast (called vQU from Lahn vtUus a tuft of 
hair) which push outward as mdicated m the photograph, 
carrying withm them cores of the spongy connective tjsaue 
(mesoblast) which, as prenously eiplamed, knes the wall 
of the trophoblast shell Where the sectioning knife hap- 
pens to cut the viUi crosswise, the cut ends appear as oval or 
round outlmes fiDed with the lighter mesoblast (see Fig 
10 ) 

A glance at the photographs shows also that withm the 
growmg canty of the blastoiy^ the mesoblast is thmnmg 
out but a Lttle stalk of this tissue remains, connectmg the 
two embryonic vesicles (amnion and yolk sac) to the inside 
of the trophoblast shell- This arrangement is made quite 
clearly understandable by the httle drawing, Fig 8, of the 
corresponding part of the Lockyer embryo (Carnegie 
6026) The mesoblast thus forms a contmuous layer lin i ng 
the trophoblast shell, filling the cores of the sproutmg villi, 
serving as a stalk for the embryo proper, and hghtly cover 
mg the amnion and the yolk sac. It is obnoui that i^en the 
first blood vessels begm to develop, as they do very soon, in 
the mesoblast of the yolk sac and body stalk, they have m 
tliia layer a clear road over which to reach all round the 
trophoblast shell and mto the cores of all the villi. 
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Fra, S. Part of trcphoblait waD wUh tHU and erabryo proper to DHuitratc 
Uw vaj la vhldi tbe etnbrjo U beid to tbe Ixtslde of &e trofdioblaft by tbe 
itaQc. To place the fpeelmeB ta aaioe rtUUre poaltko aa la other 
dlaframa of early embryos ID ialfit ei l ta this book, pa^ ihoold be tuiaed 
to pat yolk sac at hotted Throag^ the nmr^alast of the body stalk blood 
tcxkU make their vay from the embryo to the dw riem, tins obrlatlag the 
Deed of aa expaaded aUantoU. Homan embryo abont 18 days dd (Lock 
yer Carnegie Q(y*0) Kagatfted aboat 12S dUmetera. Coartesy of Elhaheth 
fit. Ramsey 

For the Bate of clanty, it Bhcrald be said at this point that 
the ontennost layer of the ■whole embryonic mass, ne,, the 
trophoblast, now Imed by mesoblast, is given the name 
ehonon (on anaent Grech, word) when it becomes a strong 
membrane aronnd the well-estabhshed embryo The vilh 
arc of course extensions of the ehonon At first they arc 
simple in form, but before long they begm to branch, and 
ultimately each of them becomes the trunk of an extensive 
treo-like system. 

It IS now necessary that wn consider events within the 
chonomc shclh Lookmg first at Fig 4, D, and then at Fig 
9, A, wc see that the embiyomc disc or shield assumes the 
bodily form of an embryo just os m other mammals, fonn~ 
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mg itself over an intcsbnal canal contmuous with the yolk 
sac cavitj The amniotic cavity baDoons throughoat tlie 
chonomc cavity, also os in other mammals, until its spread 
mg walls, os shown by arrows m Fig 9, B, crowd the neck 
of the yolk sac against the body stalk, thus forming the 
nmbihcfll cord Tine amnlotic membrane also pashes out 
ward, and finally fuses with the chonon (see Plate VII, C) 

Because, os already pomted oat, the body stalk provides 
a direct and early route for blood vessels between the cm 
bryo proper and the chonon, no largo development of the 
allantois is necessary m man It never becomes more tlian a 
rudimentary tube of microscopic sixo, in tlie body stalL Nor 
docs the yolk sac acquire even a temporary funchon&I con 
tact With the chonon, os it docs m many animals (Fig 
4, F) It too remains small and (so far os we know) func- 
tionlcss after the chonomc bloctd vessels ore csiablisbciL In 
these details the human species, together with the other 
Pnmates, resembles tlircc otiicr orders of mammals, namely 
the Chiroptera (bats), Bodenba, and Edentata (armadfl 
los) This IS one fact among many wlucli suggest that these 
four orders arc grouped as a special bmndi of tlie family 
tree of the mammals 

At first tlie whole surface of tlie clionon is covered with 
vilb, but reference to Plate VH, A, will show that the villi 
on the superfiaal part, which protrudes into the utems oi 
the chonon grows, are not favorably placed for survival 
They gradaoUy thin out and disappear, except on a disc- 
shaped area at the base of the implantabon Thusweamve 
at the final nirangement of tlie jpbuxnta, shown in Plate 
Vn, C. Meanwhile the bulging side of the chonon crowds 
agamst the far side of the utems end m the fourth month 


DESCRIPTION OF FIGURE 9 

F»j. P. ScfaeJwOe dtagriini of banun ejubrjo* fflwtrtUoff Ibe 
of «mUolJcc*Tlty yolk ue, *11*0101*, *nd taobUlc*! cdtA Uigolftf' 





46 OuMELVES Unboux 

of pregnancy it fnscs with that wall, oblitcrnfang what was 
left of the utennc cavity All this is shown in the drawings 
of the late Max Brocdcl, Plate VH 

When fully developed the human placenta is about the 
Sire of a small soup plate, that is to say 18 ccntimetcn (7»6 
inches) in diameter, and weighs 500 grams (a httle more 
than one pound) on the average. The vflh of which it is 
formed grow mto the wall of the uterus, breaking down 
everything m thcar path, and destroying the glands, connec- 
tive tissue, and blood vessels all the way to the mustje. Thus 
they excavate a space for the placenta m the utmne hnmg 

If the reader has difficult viiualixing the relahon of the 
placenta to the uterus, let him imagmc a piece of ground 
(representing the uterme wall) beneath which u a network 
of terra cotta pipes (the blood vessels) Dig a hole m the 
ground, breaking off the pipes as you dig, and moke it just 
large enough to receive the dense roots of a tree (the pla 
centa) Pave the ground over the bole and all about it, the 
paving representing the chono-amniotic surfocc of the pla 
centa (sec Plate VH, C) Ihc trunk of your tree is the um 
bihcal cord. The roots will be bathed m flmd from the cut 
ends of the underground pipes in hkc manner the root sys 
tem of the placental vilh dips mto a sort of pool filled with 
maternal blood from the opened ends of small artenes and 
drained by opened vems This blood is the source of oxygen 
and nourishment for the mfant and the means of disposal 
of carbon dioxide and orgamc wastes which filter back mto 
it from the villi roots of the embryo 

8 

The reader is probably bcgmmng to weary of structural 
detail, but we arc commg m a few pages to certam matten 
of philosophical importance (and more in Chapter HI) 
which will be meaningless unless we visuahrc the finer struc- 
ture of the placenta and understand something of the quite 
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extra ordinary differences between the placentas of differ- 
ent mammals. 

Next, then, the fine itructore of the villus (Fig 10) 
Each of the branching rootlets has a core of loose meso- 
blait covered with a Ikn bat conbnuous wall of tissue de- 
rived from the trophoblost Within the core run thin waDed 
term^"l loops of the blood vessel ivstem of the infant. The 
blood slreamt hept orculahng by the infant’s heart, flows 
throngh the mam artery (aorta) of its body and oat 
through the umbflical arteries to the placenta, where it is 
distributed into the innumerable branches of the villi Here 
occur the exchanges of soluble substances from and to the 
mother’s blood stream, as wiD be explained below After or 
dilation through its terminal capillary vessels the blood 
flows back ogam through the veins of the umbflical cord to 
the infant’s body, where it delivers its burden of notnlive 
substances galhc^ while passing through the placenta. 

Such an arrangement of thin waDed blood vessels be- 
neath a protoclive waD of cells or a sheet of protoplasmic 
substance is, so to say, standard m the body It is a practi- 
cal way to get the blood dose enough to other materials to 
permit exchanges, without letbng it escape. A steam radia 
tor retains the steam and yet lets out the heat, by a some- 
what analogous arrangement Wc ice such systems in many 
places where something is to be taken out of the blood or put 
into it m the kidney, m oil sorts of glands, in the jomts, in 
the chambers of the brain and the eye, wherever fluids must 
be transferred between blood and tissues or spaces, with or 
without a burden of dissolved chemical substances In this 
land of a set up the thinner-than paper tubular walls of 
the capillaries and the rclaUvcly thm ccIluJar covenng of 
the nib serve as temipervteablc membranes that is to lay, 
ilramcrs so fine that solid particles, even those too smaD to 
be seen under the microscope, cannot pass them, whereas 
fluids and complclcly dissolved substances of small molccu 





•EpithHium 
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lar size filter through them with eose, from and into the 
matemfll blood pool m whidi the vilh ramify 

The •emipermcflble membrane is natnre’s commoneBt de- 
vice for the chemical functions of hving or 

gamsmi. The roots and leaves of every green plant on earth 
arc built on this prmaple. The animal lung is a complex 
semipermeable membrane system which permits the passage 
of gases (oi^gcn and CO,) while excluding dust and re- 
taining all the mgredients of the blood Indeed, the sur- 
face of every cell is such a membrane, and we have reason 
to - thinV that even within the cell the wall of the nnclens and 
the tnrfacea of tmy mclusions such as fat droplets and 
enzyme granules arc also mmute filter zones of the same 
sort, guarding the very droplets against the entry of ir 
relevant malenals 

I find by teaching medical students that the concept of 
the senupenneable membrane, simple as it really is, is for 
some reason difficult to assimilate. I cite therefore a crude 
but genume example the casing of your brcaifast sausage 
IS nowadays generally made of c^ophane-ULe matenal 
which IS semipermeable. It looks as contmucrus as glass but 
on a very fine scale, much finer even than the microscope can 
see, it 18 a lattice of almost mconcovably small cellulose 
fibers wilh mconceivably tmah slots between them. Tor 
medical students I used to demonstrate this fact by putting 
some eiccedmgly fine carbon particles mto n bag of sausage 
casing and hangmg it m a boiLer of water before the clwm 
I employed, to be exact, Higgms Indelible American TT^d^ft 
Iiik. The grams of this jet black fluid, some of them scarcely 
visible under the microscope, wiH pass an ordinary paper 
filler with ease, but th^ arc completelv retained by the 
ccllophflno-hke sausage slan and my little black bag of India 
mk used to hang all afternoon m water which remained per 
fectlv clear Table salt mixed with the mt, however passed 
readily out through the membrane mto the water, and could 
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be tasted there or revealed by chemical tests Thus a stream 
of blood, nmning through such a tube of cellophane or 
through a thin walled blood vessel, u subject to a filtering 
action by which gases, salts, and other substances of small 
molecular size are filtered out through the walls of the tube, 
whereas the blood ccHs and also the larger molecules (of pro- 
teins, for instance) are retamed withm the vesseL 

The quesbon of permeability, to put it briefly, is a mat 
ter of relative size of the particles of matter with raped to 
the mesh of the strainer A barnyard fence is nnperiDcable 
with respect to horses but permeable to mice the placenta, 
as we shall see, is impermeable to large molecules but perme- 
able to small ones. 

It must be added that ^dien we ore dealing with excep- 
boaally fine ultramicroscopic mtcrsbccs or meshei, as m the 
semipenneable membranes of living things, certain physical 
forces come into play which do not operate significantly m 
everyday straining processes, e.g , attracbon and re- 
pulsion of electric^ charges on the parbcles and on the fil 
ter itself , these bring about results somewhat different from 
the workings of the kitchen colander or even of ordinary 
paper filters of the laboratory type. Any porbcle that is 
small enough will pass the kitchen strainer, and a brass 
stramer will work just like a bn one if the mesh is the same 
but semipenneable membranes like those of the long kid 
ney, and placenta are to a considerable extent selecbve, 
permitting the passage of one substance and not another, 
by reason of their respecbve chemical and physical proper- 
bes OB well as of mere size. One more reservnbon should be 
made, namely that such a semipenneable system as the pla 
centa is in all probabibty not simply a mechanical filter, 
even allowing for these small-scale effects for the covermg 
layer of the villi is hving substance and quite possibly u 
able to act upon the substances which pass through it, par- 
bally digesting them or otherwise altering their chemical 
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and physical nature. In this way it may itself perhaps 
mnVp some substances needed by the infant more readily 
filterable. 

It IS possible, though difficult and expensive, to investi 
gate, to some extent, the properties of the placental barrier 
The blood m the mnbihcal cord of a new bom baby can be 
analyzed and compared with a sample taten from ita moth 
er’s arm vem and thus a good many deduefaons can be made 
os to what ^eta across the placenta In animals, mtensive 
ftndies, subject only to thehmitations of our knowledge and 
present methods, can be made by feeding or injecting test 
substances mto the mother or even injecting them under 
anaesthesia mto the fetuses m utero, thereafter analyzmg 
the blood and tissues on the opposite side of the bamer 

We know, to begm with, that the placenta does not nor- 
mally permit transfer of the mother’s red blood cells into 
the embryonic blood vessels, nor of those of the embryo mto 
the mother, even though these red blood cells are only 007 
millinieter ( 0003 inch) m diameter It wiU moreover not 
even pass substances which ore completely soluble, in the 
usual sense, m the blood plasma if their molecules ore of 
very large sue to be specific, the proteins of large molecu 
lor structure do not enter the embryo as such- They must 
be broken up chemically mto components of smaller molecu 
lar size, either sunpler proteins, proteoses, or the still 
smaller ammo acids The embryo has to build its more 
elaborate protems again from these transferable mgredi 
ents. Fats, presumably because th^ are not soluble in 
water do not pass the placenta os such. Apparently the 
body has ways of spUttmg them chemically and combining 
them with other substances so that they can traverse the 
hamer, after which the embryo agam revises the combina 
tion and rebuilds its own fats Carbohydrates, which reach 
the placenta as sugars, are cas3y soluble in the blood stream 
and pass the placenta freely, prondmg a ready supply of 
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energy for growth- Common salt also passes freely, as would 
be expected from its properties, and the same is true of the 
calcium which is so necessaiy for grow t h of bone. Foreign 
salts given experimentally are treated selectively some are 
passed and some are not At least some of the ntaimns get 
through- Some of the potentially harmful albummous sub- 
stances against which the body develops “imnnme reac- 
tions” (for example, diphtheria tonn) undoubtedly pass 
through the placenta- In this fact we have the basis of a 
very disquieting recent discovery about a disease of the im 
bom infant (fetal ervthroblastosis) which we shall have 
occasion to discuss m Chapter n, |7 Disease germs m gen 
eral do not get through unless they damage the placenta and 
so make it leaky 

A very mgemous method of studymg placental trans- 
mission, already useful, and full of promise for the future, 
has been introduced m recent years by my coDeagne Louis 
B Flcmer This mvolves the use of raioacbve chemical 
elements, prepared from ordinary substances by bombard 
mg them m a cyclotron. Salt (so^um dJonde) made from 
radioactive sodnim behaves physiologically exactly like or- 
dinary salt, going everywhere m the body m the usnal way 
It can be detect^ at once, however, by the use of a Gager 
counter or other sensitive electroscopic device, and thus it 
can be foIlDwed wherever it goes. Flexner and hii fellow 
workers Pohl and Gellhom have found, for dimple, that 
sodium chloride injected into the veins of a pregnant guinea 
pg begins to pass the placenta at once and is evenly dis- 
tributed on both sides of the bamer, i-e., m the blood of 
mother and of mfant, m a few hours. At present this 
method can be used only with relatively simple compounds, 
but after the war, when the chemists have tune to put radio- 
active elements mto more elaborate compounds, perhaps 
even carbehtdrates, fats, and proteins, we may expect a 
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rapid advance m our knowledge of embryonic and fetal 
nutnbon 

In summary, then, and subject only to certain technical 
reservations, nothing gets through the placenta from 
mother to chfld unl ess it is capable of being earned in solu- 
tion by the blood, and of passing through the walls of the 
vilh and of their blood capfllanes, which together cousb- 
tntc on exceedingly fine-nysbed semipermeablc membrane. 
There IS no other means of commnnicabon between mother 
and chOd In parbcolor it should be emphasired m capital 
letters that there is no conneebon between their nervous 
systems. Not a single nerve fiber crosses the placental bar- 
ncr there is no channel for the transmission of feehngs or 
intcnfaons, moods, memones, or ideas. The mfant is in fact 
completely shut off from its own mother save for the cx 
change of simple chemical nutnents and wastes through a 
screen so fine that it will pass nothing but the smaller mole- 
cules of matter 


9 

In this regard the proved facts of the laboratory ore m 
flot coatradicbon to one of the oldest behefs of mankmd If 
a mother u discontented or disquieted says Robert Burton 
m The Anatomi; of ifelancholy “or if by any casualty she 
be affrighted and terrified by some fearful object heard or 
seen, she endangers her chOd For the s^ngc imagi 
nation of a woman works cffectuaJlv upon her infant, that 
as Baptistn Porta proves, she leaves a mark upon it. 

In Bu ji os prodigiously long for such and such meats, the 
child will love those meals, and be addicted to hke humours 
If a great bcUied woman see a hare, her child will often 
have a Iinro-lip OncTliomas Nickcll born in the citv 
of Brntideburg 1661 went reeling and staggering oil 
Ihedayi of hiilife asjf he would fall to tlie ground bocoose 
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hi* mother bang great with child law a drunlcen rrmn peel 
mg m the street, I saw at Wittenberg, m Gcnnxmy, a 
atiien that looked like a carcass I asked him the cause, he 
repLed, ^His mother, when she bore him in her womb, saw a 
carcass by chance, and was so affrighted with it, that ex eo 
foetus e% asstmilatus from a ghastly impression the child 
was like it.* ” 

To Burton’s catalogue of horrom one could go on all day 
addmg others, gather^ from hearsay in this present cen 
tary, and from every level of society A pnbhc lecture ra 
which this theme is discussed never ends without people 
commg up afterward to take private issue with the spcalir, 
and to add a few more examples from experience m thor 
own family arclc. These good people are willing to beheve 
anything a saenhst says tralfl he tells them that a mother’s 
impressions cannot reach the mfant m the nlems Thi^' 
know better than thatl 

It seems to bo admitted nowadays that fairly strong 
pressure is required to force a mental impression across the 
placenta to the detriment of the unsuspwtiiig mfant. Most 
of the stones mvolve senous alarm or injury to the mother, 
or a very strong craving for some pecuLar food, or a badly 
disordered imagination. In the mo^ famous case of mater 
nal impression on record, however, and the one most hal 
lowed by time and authon^, that of the Patriarch Jacob’s 
goats and sheep m Padan Aran (Genesis 30), the causal 
factor was nothing more than an unfamiliar sight, of peeled 
saplings placed by crafty Jacob before the watering 
troughs and the result was only that the Iambs and kids 
were bom “nugstraked, spotted, and speckled,” a condition 
which did them no harm and greatly enriched Jacob The 
passage of ideas or visual images across the placental bar 
ner ought rightly to work with strongly agreeable impres- 
sions as well as with terror, gnef, or uncontrollable desire, 
and in fact many kindly people has'c suggested using mm 



65 


The Ejtbrto as Germ and as Archite 

tauftl impreisioiu for the advantage of the infant- The 
young mother is urged to Burronnd herself with peace and 
beautiful things and to indulge m none but -nurthy reflec- 
tions pending the birth of her chfld. This is good advice, 
for other reasons The child svill be fortunate, after birth, 
to have such a mother but beforehand, m sober truth, sweet 
thoughts are no more soluble m the maternal blood plasma 
nor any more able to pass a semipermeable membrane of 
hvmg protoplasm, than are sour moods or tragic emotions 
The httle h^ formed brain, thank Heaven, is far beyond 
the call of our dmy world of excitement and anxiety If it 
were not so, would not the horrors of these years of war be 
followed in every land by a horror of deformed and witless 
babes, offspring of a world of terromed women ? 

But this IS a matter for more than rhetonc. Even today 
the tuneless supcrstibon goes on, giving the old wive* some- 
thing to gossip about and frightening young matrons who 
ought to be left m peace. Somebmes it goes to incredible 
lengths. I know of a case m one of our States only a doien 
years ago which cannot be told here in full beranse the 
parbdpanls are bving, m which a young woman of a pnvi 
leged family suffered on acodent during her first preg 
nancy and had a leg amputated. A combm^ force of grand 
mothers and other well wishers insisted that the baby would 
lurelv be marked m some dreadful wav, and they wrought 
upon the feelings of all concerned with such success that two 
doctors (I wonder who taught embryology where they 
studied medicme?) performed an abortion m the fifth or 
sixth month addmg to the burdens of the unhappy bnde 
another surgical risk and the gnef of losing her firstling 
People never remember to tell of Airs, A,, who was nearlv 
frightened to death by a thunderbolt and vet had a bcauti 
ful babv nor of Airs, AIcB,, who would eat nothmg but lob- 
sters during her pregnancies but bore one flawless baim 
after another, whereas poor Airs 0 C in the next block, 
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who cxmldn’t afford bbster, had a baby with a claw anyhow 
The Baentists may cnbaze, as they please, the cme-*jded 
creduhty of the malemal-imprcssiomstB, and lectnre to 
their hearts* content about the placenta with its ultra fine 
filter system and its total lack of nerve connections Th^ 
may eiqilam away some cases as pure coincidence and others 
as the result of mhcntance. They may plausibly ascribe the 
spotted lambs of Father Jacob to the recessive genes of 
Father Gregor Mendel, s-d 1866 But they will not be 
heeded. The eternal process of motherhood, so marvelous 
and mysfacal, must carry forever, it seems, not only its bless- 
ings of hope and love but also the burden of an ancient fear 
There will always be ladies to come up at the end of the lec- 
ture to teQ about Great Aunt Jane ibe bad a cravmg 
for ftrawbcmes, and of course the baby bad a sUa w bei iy 
mark. And as an honest man of saenee, I have to admit, m 
conclusion, that I n^elf know of one remarkahle case. A 
woman of acquamtance bad a cr a vm g to read Davtd 
Copp^rfUld while she was expecting and, upon my word, 
that child was full of the Dickens. 

10 

I have already remarked that the placentas of the various 
TTtflTnTTiftU exhibit extraordinary differences This has long 
been known and attempts have been made to classify am 
TTiwI^ according to the g en er a ! form of their placentabon. 
ATI the great apes have disc-shaped placentas, but many 
monkevs have two discs, on opposite sides of the dionomc 
sac (Fig 11) The umWhcal cord is attarhed to one disc, 
and the second is connected to the first br blood vessels that 
nm on the inner wall of the chonon. In many carnivores 
tbe placental tissue makwi a girdle around the cbonomc sac, 
fomnng the zonary type of placenta. This is th e case m the 
dog ana cat m some other carnivores tbe girdle u open at 
one place Eke an unclasped belt, or is mterrupted at several 



F». IL V«rloci foTM o( the pUeenta. The eooary type (dog) and cotjlc- 
dotujj type (•beep) ur (ran dligrami by H> 'W Moutnaa. The Intact 
eborfam are •ecu from the ootxlde after remora] from tbe nterm. F coty^ 
fetal cotyledoo. Hm mcmkey'i dcmbly dUcoId placenta Is represented In 
pocttlaci tn tbe uteras, the nteres and cboHxra haring beta opened, so that 
tbe placental dlics are teen from Inside. For a pktore of tbe singly di»* 
cold form of placenta, tee Plate VII C. 

poinU Every cattle breeder knows the cotyledonary type 
of placenta charactenstic of the cow and sheep, whi^ con 
nsta of two dozen or more separate placental areas distrib- 
uted over the chonon, with a simple nonplacental smooth 
chonomc surface between In the pig, horse, and deer the 
placenta is diffuse that is to say the whole chonon, or most 
of it, comes mto dose contact with the ntenne Iming, so 
that transfer of nutnents takes place over the whole area. 
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There are differences also in the way m which the chon 
onic tissne mtcrlocks with the underlying uterus ilan and 
the great apes have completely villous pkeentas, such as I 
have already described, m wluch the tissue that interlocks 
with the mother’s tissue is a system of branching roots. 
Many carnivores and a good many other Hnirrinlt have, m 
stead, a placental labyrmth constructed like the paper 
bellj sold at Christmas time, which are made of honey 
combed paper meshes (Fig 18, B) In snch placentas Se 
interlacmg leaflets penetrate the utenne hning as do the 
root hTce viHi of the human placenta There is a snnpler 
type, occurrmg in the cotyledonary placentas of cow and 
sheep, m which multiple folds or pleats of the chononic 
surface fit between similar folds of the uterus A stall sim- 
pler plan u that of the completely diffuse type, as seen m the 
Pff A) m which the chonon is a membrane mth- 

out fol£, labyrmth, or villi, and as merely apposed to the 
Immg of the uterus, as one bag might be raflated inside an 
other, with a mraimum of folding and no mterpenetration 
or destruction of maternal btsuc. 

Finally, there are extreme differences m the finer micro- 
scopic structure. In the simplest diffuse placentas hTce that 
just raenboned, the surface (cpithchal) cells of the chonon 
he agamst the epithelial cells of the internal surfoce of the 
uterus (Fig IS, A, cpithcbochonal) Whatever riiemical 
substances pass from maternal to fetal blood vessels most 
pass through the tbra cells of the maternal vessel wall (ma 
tcmal endothcliura) , the connccbve bssue, the surface cells 
(epithelium) of the uterus, the surface cells of the chonon, 
and the fetal vessel wall (fetal endothehum) In the inter 
folded cotyledons of the cow, sheep, goat, and thar km, 
the maternal cpithehum is eroded away and disappears m 
many places, so that there as one less layer involved m the 
filter zone, as shown ra the figure of the tyndetmochorial 
type. In the labyrmthme placentas of the cat and dog, the 
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F». 12. DUftmnM of Ute eeH rtracture of pUcenUi of the Tariooi type* as 
Indicated, ibowtog the dlfferiQg layer* of maternal tlsne between the ma- 
ternal and the fetal blood ftream*. The blood Teaael* are sbown as ronnd 
open croa aecttons eoatatolng damp* of tmaQ rotmd blood celli. Greatly 
magnified. 

Tbls diagram will be understandable If the reader wUl note that A, 
epltbelJocboiia] type, represents a magnified slew of the contact between 
cborkra and uterus of the pig, as Indicated by a rectangle In Fig. 18, A | 
that C, eodathcUodiorUl type, rwpreaent* part at a rtmod of the laby 
rtath shown to Fig 18, B | and that D honodiorial type, repiaaenti a bit 
ofthewallofthe^ascbavnloFtg 10. In the Utter there are no matenul 
eJU at aQ be twee n the taatemal blood and the fetal epithelium. From 
^faarter* JaarncX 9f Ofiifstrfes nd <7jraa»Uyy by courtesy of C. V 
Uosby Company St Louli, and of Lotds B Flexner and Alfred OeUhom. 

chononic Ubynnth destrojB not onJj the maternal surface 
cells but most of the connective tissue as tveH, leaving only 
the nahed maternal blood vessel walls (endothehura) 
tween the vanes of the labyrinth (Fig 12, C, endotheho- 
chonal) As already described, m roan and m other Anthro- 
poidea all maternal structures in the path of the mvadmg 
vilh are broken down, even the blood vessels, and the viUihang 
directly into the maternal blood pooh In Fig 12, D, hemo- 
chortalf we see how the maternal blood directly bathes the 
chononic epithdinin, leaving only the three fetal tissue lay 
ers between maternal and fetal blood. In some other wnTTTm l* 
(e.g , the rabbit) mvestagalors have found a further de- 
velopment of this fourth stage here even the surface cells 
of the labyrmthine chonon may go m places, leaving noth 
mg but a httle connective tissue and the endothelmm of the 
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fetal blood capfllanes aa a partition between the blood 
stream of the embryo and the blood pool of the mother 

Flemer, GeUhom, and Pohl measured, by the use of 
radioactive sodium salt (chloride), the transfer of sodium 
from mother to fetus m species having all these vanous 
types of placenta. They discovered the remarkable fact 
that the amount thus transferred across a unit weight of 
placenta m a unit of time, at a comparable stage of late 
pregnancy, vanes according to the structure of the pla 
Ceuta, In those with aH six cell layers the rate of transfer is 
much less than in those with fewer The relative figures, ex 
pressed as the amount of sodium in milligrams passing a 
given weight of placenta m one hour, are sow (epitheho- 
chonal), 0£6 goat (syndesmochonal), 41 cat (endo- 
theliochorial) , 69 guinea pig, 6 1 , rabbit, 6 8 , rat (bemo- 
cbonal) , 8 S There is, of course, no such difference between 
these species in respect to other physicochcmieally deter 
mined fonebons Lice body temperature, pulse rate, end 
basal metabolism but the fact is that among mammals 
e ver y t hmg that has to do with reproduction u more variable 
than other bodily sysf ems 

When we consider the total venation of structure made 
possible by permutations and combmations of the gross 
form, the different types of intcrlockmg from diffuse to 
labyrmthme and villous, and the four or five degrees of dif 
ference with respect to the ccDnlar layers, it is easy to see 
how the studj of the placenta has become a special branch 
of microscopic anatomy No two annuals have placentas ex 
actly aLTce. Experts like Grosser of Prague and Wislocki 
of Harvard, given well prepared slides of placentas of the 
vonons species for microscopic examraation, can name any 
gpeaes, if they have seen it before, after a few minutes’ ex 
amination but only such an expert could distinguish the 
placenta of the gonDa from that of the human 

Naturally such close resemblance between certam spe- 
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aes, taken in conjanction with the wide range of general 
variation, confers upon the placenta very great interest for 
students of evolution end of the relaticmahips of the mam 
piwlf to one another It wo* long ago foimd that the gross 
forms (diffuse, discoidal, lonaiy, cotyledonary) ore so 
scattered through the uiftTumals os to give us no clear guide 
to their possible line of descent. The existence of the four 
gradations of contiguity as seen under the microscope, 
pomted out by Grosser as described above, suggested at 
once that these form a progressive senes from the epitheho- 
chonal type, m which the uterme snrface is intact, on to the 
hemochorial type, m which the greatest rovasive destruc- 
tion of maternal Uisne takes place, with the thinnest bar 
ner between maternal and fetal blood and the highest rate 
of transfer It was easy to suppose this was the sequence of 
evolnbom The blastoc^ of the pnimbve mammal, it might 
be thought, settled against the maternal surface and thus 
at once formed a contact of chonon to maternal epithehum 
that IS to say, an epithehochonal placenta. It was supposed 
that at a later stage the erosion and the ingTtyw t h of or 
labyrinth began progressing until m certain advanced spe- 
aes all the maternal elements were destroyed and the hemo- 
chonal stage was reached- Since the human placenta is 
bemochonal, this conjecture suits our natural tendencr to 
place our own species high m the scale of evolution Con 
vcnely, and perplexmgly, it places at the “low” or pnmi 
tivc end of the senes certain speaes which we know from 
other anatomical facts to be highly speciaUied, The domes 
tic pig has one of the snnplcst diffuse epithehochonal pla 
cenlas 18, A, and 12, A) but it is by no means a 

pninitive mammal. Wislocki attacked the problem anew, a 
few years ago, by listing the placental types of all raammaU, 
so far 08 known, and plotting thtan on a diagram of tlie evo- 
lutionary relationships os currently accepted from studies 
of the comparabvc anatomy of hvmg and fossil ronmmals. 
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Such a diagram of course looks like a tree, a family tree in 
fact, with the most primitive group* near the trunk and the 
most advanced and specialised groups out on the branches. 
The result showed that animals having eprthehochonal pla 
centaa are widely scattered among the mwmmnlfl, tending to 
occur in animals which are m other respects highly special- 
ized, m other words, they are out on the branches of the 
family tree. The logical inference, from which there u no 
obvious escape (although it staggered many biologists at 
first and is still not acceptable to some) is that the mvosive 
placentas are nearer the primitive type thnn arc the super 
fimal, noninvosive placentas, and that evolution did not 
begm with a diffuse epitheho<honal placenta hTce the pig 
How it did begm is anybody’s guess, since the reaDy pmni 
tive mammals ore extmet and we shall never see their pla 
cent,as. Perhaps (and I hasten to say that this u my own 
way of putting it, not that of the speaahsts on the subject) 
the primitive mammalian blastocyst settled down on the 
eprthehum of the primitive uterus, and responded to the 
contact by forming a trophoblasbc thickening something 
like that of the early mo^ey embryo (Fig 6, C) From 
this beguming, natu« may have eipctimcnled at once with 
all sorts of vanations such as viUous or labyrmthme down 
growths, reachmg diverse d^rees of mvasiveness and of de- 
struction of the maternal elements. The interstitial or sub- 
surface nesting of the blastocyst m man and the anthropoid 
apes would be a further modication Placental types with 
a widespread surface contact of chonon to uterme linmg 
without mvasion, like that of the pig, may well represent 
another kmd of variation Thu* the nonmvasive and the 
invasive types probably represent parallel developments, 
not a successive evolution of one from the other 

When the early embryology of all the m ammalian forms 
IS more widely eiqilored, we shall probably gam a much bet 
ter comprehension of this important and tantohong prob- 
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lem. At present, as the reader v31 percare, we had better be 
very cautious about settmg up any sort of ladderlihe scale 
of evolutionary progress, as far as the placenta is con 
cemed, with our own speaes at the top of it. 

11 

X#et us now resume consideration of the actual body of 
the embryo, which when we left it m 56 at the age of about 
13 days was stiH a mere disc of ectoderm cells with under- 
lying endodenn (Fig 6, E) The successive transforma- 
bons by which this simple structure is converted mto a baby 
can never be observed without astonishment and awe. They 
have been studied for centuries with all the ingenuity, artis 
tic skill, optical and mechanical aids at the command of 
each generation of embryologists We have therefore a 
fairly complete description of the changes m form by which 
the vanous organs and tissues take ongm one by one fro m 
earher-developed tusues and arrange themselva to make 
up the body Such a description, pursued to the last detail, 
is a compheated business The twu great volnmes of such a 
book as the Keibel ilall Manual of Human Embryology 
are not large enough to con tarn it all. For onr present pur 
pose a very brief sketch of embryogenesis must content us 
readers who wish more aohd mformabon may turn to the 
arfacle on Embryology m a good encyclopedia, or to one of 
the exceheut textbooks prepared for collegiate and medical 
students 

Hr G L. Streeter has arranged a senes of pictures of 
models and of actual embryos from the Carnegie CoHec- 
bon which gives an excellent idea of the external form of 
the embryo at successive ages. In Plate 'VTIT, A, we are 
lootmg down on the back of the embryonic area, the amnion 
having been cut away around the edges and hfted off At 
^his age, 18 days the embryonic area is no longer a disc it 
has elongated m one axis and therefore hn< the form of a 
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fhie]d with a head end and a tail end, and by con*equence a 
right and a left aide. A B 3 Tnbolistic mind might pame at thu 
point to reflect that even before ita first three weeki of pre- 
natal life are complctedi the embryo finds that there are two 
sides to human aflTaira and thus begins to face a lifelong 
senes of choices between the right- and the leftward turn. 
At the top of picture A is the broad and presently feature- 
less bead region, and below it at the middle of the anw is the 
primtttve knot followed by the groove-lflceprmilnjtfslrfoi: 
This IS a region of growth which mores tailward leanng be- 
hmd it the stmetares of the tmnlc as th^ arc organu^ In 
picture B we see two massive folds, largest at the head, and 
between them a deep groove. As shown m C and D, the folds 
coalesce, beginning at the middle and worlong both ways. 
Thus they roof over the groove, in this way a tube of ecto- 
derm IS b^ed imder the surface from head to tail, fonnmg 
the brain in the bead and the spmal cord in the neck, tninl^ 
and tail. 

If the reader win now look back at Fig 9, A, he will see 
m diagrammatic fashion how the headward and tailward 
growth of the embryonic shield draws out the underlymg 
endoderm into a more or less tubular canal having a ‘fliead 
got** and a “hmd gut” but m its middle portion stiH 
opening into the yolk sac. The neck of the yoDc sac thus ulti- 
mately becomes a relatively narrow passage from the em 


DESCBIPTION or PLATE VII 

TTiree of formation of the immari pl«ctnta aod membraaci. In A 

(fourth wttk) the dwrlon ii ere r ja b ert eorered by tUQ, hot thoa e 
more fnpcrfldal, bulging aide are beglanln^ to thin onL In B (dx week*) 
the tHU hare df»appe*red from that aide, karlng only the b«^ 
form the placenta. The amnloo b aweDlng and wtQ nMmatdy^U tte 
cborkmlc carlty In C (fire tdodUm) the placenta b definitely formed, 
amnkm ha* fnied with the cborteo, and the two membranea (amnlM ^ 
dwrioo) bare foied with the i^Jpodte waD of the otena, obBterattog the 
ntertne carlty Ilrawn by the late Max Broedd. Fr«n the 
umJ of OhttrMei mud Ofumtolofy by eoorteay of C. V ll«by Company 





PLATE VIH 
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bryo along the mnbihcal cord. In Plate ^TII, E, represent 
mg an embryo from vhich. the yolk sac has been cut off, the 
opening may be seen as a long narrow slit opening into the 
body of the embryo from the left of the picture. 

A cross section of any of these embryos would reveal, be- 
tween the enter ectoderm and the endoderm, the third tissue 
or mesoderm. Some of this tissue condenses to form a row 
of iomites small squarish masses of embiyomc connective 
tissue arranged m regular senes along the two sides of the 
ipmal cord from the lower part of the head to the tip of the 
These are clearly seen Imed up hie a row of beads be- 
neath the ectodermal skm m all the pictures of Plate VUI 
from C to G mclusive. They give nse to much of the mus- 
cular system of the necL and trunk. Traces of this segmental 
ongm persist mto a few muscles of the adult body, e.g., the 
intercostal muscles The arrangement of the somites also 
condihous the serial arrangement of the vertebral segments 
of the bony spinal columns, each of which forms at the level 
of the division between two successive somites All the verte- 
brates from the cartilagmous fishes to man cihibit a senes 
of somites ummstakablv similar to those of man and the 
other mammals This has been taken to suggest that the 
comiiKm ancestor of the vertebrates must have been a s^- 
mented animal of sorne sort. As the muscles begm to form 


DESCRIPTION OF PLATE VIII 

Dertlopaent of the extern*! form of the tmmip embrro, from 
•peehnen* ta the Carnegte CrflecUcm. abort l(j day* (No 61NW) rleir 
of doTTom (b*ck) of periQ disc after removal of roof of unnlotlc earttr 
1 3a B »botit IS d*Ti (No. lff-8) * IS C, •bout IB day, (No. 421«> * Sa 
D 4bont 20 deyi (No. 60T4) x 23. E, .boat 22 d*yi (No. «r2) 1 15.5 F 
fourth week (No. C09T) PK, pharm^re*! b*r*j Ht, beort, iL? G flfUi 
week (No. 13S0) x 6JS. H efjhth week (No. 8202) x 2JL Qted mximlflcm. 
tiOTtt •« •ppnrdmrtt. Selertion nod •mn^enaart hr G U Sweeter to 
part after pobneaUora by C. H H«bct N TT iDtaHi. F Pame. W J 
Atwen,G W Coroer Tma SeUnflJlc Xomiklf by permlMlon, 
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from the aomites, nerve twigs from the bwer bram and the 
spmal cord grow mto them, forming the beginning* of the 
motor nerves. 

During the third week the heart 14 formed bj cells of the 
mesoderm under the head, which organize thernselves mto a 
thin walled looped tube. This links up with the blood ves 
sels on the yolk sac and with those wbtrh spread throughout 
the mesoderm of the ammA] body and via the body stalk to 
the trophoblast. When the heart begm* to beat, it loon 
causes a arcalation of blood througb the whole ^stero. The 
heart, enclosed in its pericardial sac, is seen m Plate VHT, E, 
08 a large mass near the top, to the left of the head, and m 
the corresponding region of F as a senutransparent sac 
(Ht.) (see also Fig 13) In Plate VlXl, G, the ventncle 
of the heart u a white mass just above the bp of the tail 

Pictures E, F, and G of this senes clearly show the row of 
pharyngeal bars (mdicaled by Ph m F) whidi have fig- 
ured often, under the somewhat mislcadmg name of “gill 
bars,” m countless discussions of human evolubon In the 
human embryo 6 of these ndges develop, separated by 4 
grooves, but m our pictures only 3 can be seen. The phsi^ 
geal bars of mammalian embryos appear m the same region 
of the body as the gill bar* of fishes, salamanders, and tad 
poles Ea^ of them carries, moreover, an embryonic ar 
tery (aorbe arch) whicli runs from the heart to jom the 
aorta, like the gill ortencs of those animals In the ammotes 
(reptiles, birds, and mammals), however, the pharyngeal 
bars never fimcbon m respirabon Some fossil reptfles had 
rudimentary gill filaments upon the bars , but thii is never 
the case in TnammAlmTi embryos, nor do the groove* between 
the bars break through mto the pharynx, forming gill 
clefts, ns they do in fishes, in which they permit the passage 
of water (with oxygen dissolved m it) past the gills Fur 
thermore, the pharyngeal bars of mommahan embryos be- 
gin, as soon as they are formed, to enter mto farther stages 
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of groirth, contributing ultunately to the orgamxaticm of 
the face and jaws, the external ear and the auditory canal, 
the tongue, thymus and parathyroid glands and other 
structures m the upper neck. The first two pairs of aorbe- 
orcli arteries degenerate and the last three become parts 
of the great aortic and pulmonoiy arterial trunks 

The temporary existence of the pharyngeal bars has fre- 
quently been used m support of the theory of embryomc 
recapitulation, which m its now-obsolete ejrtreme formula 
tion sets up on ascendmg scale of animals — namely fish, 
amphibians, reptiles, mammals — and states that the em 
bryos of the higher forms pass through stages resembling 
the adults of lower forms On this theory the pharyngeal 
bars, for example, ore said to reproduce or recapitulate a 
fish stage m our evolubon Actually, however, they are not 
gflls, os we have seen, but rather a structural groundwork 
occurring in the embryos of fishes, amphibians, reptiles, 
and mammals, which m fishes and amphibians is used os a 
basis upon wluch to build mandibles and gills, and m rep- 
tiles, birds, and mammals to make jaws and necL-orgons but 
not gill*. What we may safely deduce from the simflanty 
of thu nirangemeut in all clas^ of vertebrates is that they 
mhent tlieir pattern of growth through some one common 
protovertebrate ancestor, of fish hke general character 
though not exactly Ukc any prc*cnt-day fish, which had a 
icncs of arterial loops lying m a set of bars in the walls of 
the pharynx. It may be added, as a plausible guess, that the 
system served to take oxygen from the water The descend 
ants, a* tliey evolved into the vanous classes, necessarily m 
hented such a pattern, but they worked it over into new 
forms suitable for thar needs. To say that the pharyngeal 
bar* suggest a common origin for fish and man is a very dif 
f erent Uiing from claiming that a* embryos we human* ha>‘e 
gills and therefore wc must have bad a fish for a direct 
ancestor 
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A trained embryologist con aec the earliest rudiments of 
the eye and the auditory apparatus at a stage like that of 
Plate Vm, C At a shghtly later stage tlicsc organs can be 
clearly desened by anyone, as indicated in tlic picture F 
The object labeled ear is the car vesicle, which is to smk m 
ward and become the internal car , the external ear is formed 
from the first and second pharyngeal bars 

The limb-buds arc seen in tlic fifth week, the arm appear- 
ing before the leg Doth arc shown m picture G This figure 
shows too that tlic human embryo possesses a tail, as evi 
donee (final evidence, if the pun be permitted) tliat man is 
a vertebrate and has inherited the common patterns of that 
ilk It is really only a toil rudiment, hoR'cvcr, for it rarely 
gets bigger than the end of a pm and cannot be considered 
a real waggablc tail any more tlion tlie phoryngcol nrclici 
are real ^Is it is only Uic bud, the Anlage as Uio German 
embryologists say, from wluch nature could have built a 
full fledged tail lfl(c tliat of the monkeys Unbke the plia 
ryngcol bars, however, the tail u not built into sometumg 
else. By the fifth week it is already being outgrown, and 
within two weeks more the development of the rump lias so 
far exceeded that of the tail that the latter becomes buned 
and persists only as the bttlc Unninal part of tlie spuiol 
column, the coccyx. 

The head end of the digcslivo-rcspiratory tract (“fore- 
gut”) breaks through the ectoderm to form tJic mouth, and 
the “hmd gut” hkcwisc breaks through at the onus (Fig 
13) Whole chapters could be written about tbc develop- 
ment of the digestive system and its outgrowths, including 
the salivary glands, the liver, Die pancreas, and Die lungs I 
shall not even touch upon these, nor upon the derelopracnt 
of the great connective structures, bones, muscles, tendons, 
blood, and lymph, nor of the reproductive system and the 
oigons of internal secretion, all of which are well desenbed 
m the textbooks. 



Fio. 18. 8d»emattc and partly cooTmtionaliitd diagram of bmnan embryo 
at end of flrrt month, •bowtng poritloo of brata, heart, yolk »ac, and di- 
geftire tract. Greatly magntded. Drawn by Bradley M- Patten. From hli 
fortbeomtog Evman Eynbryology by courteay of the BlakittCJO Company 

By the eighth week (see picture H of Plate VUI) the 
embryo, or fetus as we now call rt, is an unmistakable hu 
man betog, even tbcrogh it is stSl only three-fourths of an 
inch long The obviously tranartory struct ure s which give 
the embryo its unfanuhar, nonhumnn appearance, such os 
the pharyngeal bar*, the somites, the external posibon of 
the heart, are now gone or covered up or converted into 
something more familiar The fetus is clearly a vertebrate 
with four limbs the tbelHIke ear hints that it is an ape or 
something of that sort the disappearance of the tail mdi 
ment confers a certam digm^ upon the silhouette, ranking 
the creature os at least one of the higher Anthropoidea the 
trivial nose and flat face say it is human, and the great bulge 
of the bram predicts that this bang is destmed to feel, 
thmk, and strive beyond all other speaes that live on earth- 
This Tce can see m pictures but if we could only observe 
such an mcipient human being m its proper enviroiuiient, 
nested withm the uterus, we should also see the vividnesa of 
life — muscles already able to contract, limbs that move if 
they are touched, a heart that beats and keeps the blood 
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flowing throogbout the body and throngh the pulsating 
arteries of the umbihcal cord to and from the placenta. 
Within this microcosm the organs and tissues are teeming 
with the processes of growth, the cells multiplying, the ports 
enlorgmg and shifting each toward its appomted place and 
task. This IS not only preparation for life it is hfe itself 
Thus to the seeing the human embryo from egg to 
birth IS an archive m which is written the evidence of its 
descent as an animal, a vertebrate, an ammote, a mammal, 
a pnmate and it is an organic germ, in which the gift of 
life IS mtnnsicaHy bound up with the necessity of growth 
and of meluctahle change- 
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PKEXATAL FATE AND FORE 
ORDINATION 

Ter Toiee ttld. Cry And be irkJ, IVTiat •h«ll I ajt AH fle*h U gmi, and 
*H tbe goodllne« thereof U M the flower of the fleldi The prm wltbereth, 
the flower fedethi becnue the fplrlt of the Lord hloweth trpon Ki tnrely 
the people U grut. 

1 

I T 18 with hcartabon that I begin this chapter of a book 
which aims to be cooBy scientific with the nnrrabve of 
a personal eipenence that broke upon my steady toB 
Borne days os a medical student with the suddenness of an 
apocalyptic ruion The reason for teHing it here is that it 
w^ explain the inclusion of a chapter on prenatal mortal 
ily, and justify my own persistent interest m the subject 
ever since the time I hdped to fight the Devil for the soul of 
an infant, beneath the cross of St. Agnes If it seems incon- 
gruous that the tale begins in the very forecourt of Heaven 
and then descends to bare facts discovered by a mundane 
and even heretical young scientist, m a hog butchePs estab- 
lishment on the West Side of New York, that is merely the 
way of our saence of embryology, which coraes so close to 
the daily hfc of mankind tlint it leads its students mto un 
expected situations. 

When I was a medical student of the third year, for rca 
sons of no present concern I secured permission to absent 
myself one day each week froth the academic chnics and to 
spend that time at work in a hospital which happened to be 
of the Uoman Catholic Church tasks were those usual 
to a junior intern I mtemewed pabenls, made laboratory 
tests and passed instruments in Uic operabng room Therc> 
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one day, -when the mormng’fl wort was over and we were 
about to put away the instnuMnta, w© were abruptly called 
back by the adnuaaion of an emergency caae. Our patient 
was a yoimg woman, ei^t months pr^nont, and healthy a 
few hours before, who had suddenly suffered the rare mter 
nal acadent of premature separafaon of the placenta. The 
disastrous collapse thus produced had brought her near to 
death Emergen^ measures instantly begun by the resident 
surgeon were too late, and it became evident that she was 
expiring To me, the youngestperson present, and ignorant 
of Catholic behefs, the tragedy of this moment was tmged 
with wonder at the ensuing scene. The chief Sister of the 
operatmg room, swathed as she was in sterile gown, cap, and 
mask, assumed a kmd of spiritual command over the young 
surgeons , after a whispered word from her they began to 
count the last pulsations of the patient's heart When the 
count slowed and ceased, the resident surgeon with urgent 
rapidity performed a Caeaanon section and m no more tnne 
than sentence takes m the reading the motherless m 
font was brought limp and breathless mto the world. At 
once, before any effort was made to r e vi v e it, the Sister 
stepped forward and took up a flask of salt solubon, now 
converted by some miracle of faith rato holy water As she 
uttered, amid our perfect sflcncc, the solemn formula of 
baptism, I for one half expected to hear the rush of an^cli* 
wings and to see the ghtto of heavenly hosts, come to jom 
us m thm battle for a Christian souL But the nte was m 

vnin the child too was dead, and dying thus in original sm 

was excluded forever from the sight of God, though not (if 
St, Thomas Aqumas be right) from the privilege of rejoic- 
ing, outside Paradise, m His mercy and love 

0 

The infant whose brief story I have just told readied the 
eighth month of prenatal life before it was overtaken by 
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disaster Many another embryonic life is mtemipted in a 
less spedacnlar sray, at an earlier stage of gestation The 
rate of prenatal mortality « much higher than is generally 
known there is good reason to suppose that at least one- 
third of all the ora that are fertilized fail to survive to fnH 
term. As a result of causes which are to be discussed m the 
following pages, mterrupbon of growth and cessation of 
life may occur at any stage, begmiung witb the earhest 
which we can recognize under the microscope. The Car 
negie CoHecfaon contains several abnormal human embryos 
younger than sixteen day*.* 

Abnormohty occurring m otero takes vanous forms 
The embryo or fetus may simply cease to thnve the blood 
circulatioD stops, the bssues break down, and the products 
of conception are discharged from the uterus os a miscar 
nage. In animals such embryos end even good-5ized fetuses 
are frequently resorbed that is to say, their tissues disinte- 
grate completely and are received back into the maternal 
blood rtream but the human uterus is quite intolerant of 
moribund material and seldom retains a dead embryo or 
fetus Agam, abnonnahty may result in the production of 
local deformities, or redupbcation of limbs, or other bodily 
pecuhanties m vanous d^jrees, the result being called a 
monster from the Latm word a portent or mar- 

veL Sometimes infants thus affected ore able to tumve and 
to be born, somefames the defect is mcompatible with life. 
It IS quite clear now to cmbrvologista that embryonic de- 
fect* nm the whole gamut from total breakdown and abor- 
tion to outnght monstrosi^, with all sorts of mtenuediate 
conditions It is also now clear that all these defects, whether 

L Aa cxpecUnt mother who happens to read tMs chapter need DOt ba 
A proportloo of the cases lociaded In the abore calcnlatton 
oeeox so earir that ther are not recognised as pregnaoclca. Once tbs Im- 
pUntatktn b well established and the pregnaocj recogubed, the tTrobablll- 
tka are greatljr hi ftTtrr of a Dormal ootcomt. 
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they involve Bcnoos dcfomiily or arc very slight, nre pro- 
dneed by tlie same set of causes bat tliis was not aln-nys ob- 
vious, and the thought of the lay public, as wcH os of sa 
cntafically minded doctors of post times, os to the causes of 
prenatal abnormality, concerned itself largely with mon 
strosities Naturally tlic more outspoken deformities — 
“Siamese” twinning, for mstance, or lack of an important 
bodily part — attracted greater attention than the mere 
abortion of a small embryo The latter could be passed over 
OB a mishap, the former awoke superstitions and set up 
fears, until even the physiaans were mclmed to ascribe 
many of these unfortunate births to supernatural or psychi 
cal causes 

I ate here a tabulation of the causes of monstrosity, « 
tracted from a long passage in TVic Wot1.c$ of tluii Famout 
Chirurffton Ambroite Farcy • It is worth a careful reading, 
because it sums up the ideas of post ages Later m this chap- 
ter I shall give another such list, as of 1044 the differences 
m outlook will illustrate tlie very point that the founder of 
the Terry Lectures wished to establish, that sacncc can in 
deed contribute to tlie broadenmg and purification of re- 
bgion 

“There arc reckoned up many causes of monsters , the 
first whereof is the glory of God, that his immense power 
may be manifested to tliosc which arc ignorant of it 
Another cause is, that God may punish mcn^s wickedncssc, 
or show signs of punishment nt Iiand Tlie third cause 
IS, an abundance of seed and overflowing matter If, 
on the contrary, the seed be anytliing defiaent in quantity, 
some or more members will be wanting, or more short and 
dccrcpite. The onaents ha%c marked other causes of 
the generation of monsters the force of imaginat^ 

hath much power over the infant Alonsters are bred 

1. Trmovlatct) froni tbe French by T Johmtoo (1S31 ed.) 
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and caused bj the slraigbtnesse of the womb by the ill 
placmg of the mother m nttmg, Jyrag downe or any other 

Eiteof the bodvm the tune of her l^ng with child By 

the injury of hereditary diseases, infants grow monstrous, 
for crooke-backt produce crooke-backt, lame produce lame, 
fiat nosed thar h'ke, ilonsters are occasioned by the 
craft and subtlety of the Devill ** 

To summame these causes 

1 The will and act of God, 

2 Overabundance or defect of the seed, 

3 Power of the mother’s imagmabon (maternal irapres 

Bions), 

4 Narrowness or malposition of the uterus, 

6 Physical injury to the mother, 

6 Inhcntanco of deformi^ or disease, 

7 The craft and subtlety of the Dcril and his agents 

(i e-, witches and magiaaiu) 

Par6 was a man of ongmahty and insight, but the prob* 
1cm of the causes of fetal abnormality was too complex for 
solution m the current state of knowledge. The reader will 
baNc noticed that hit conjectures, which sum up the ideas 
of ages post, fall mto two classes, on one hand tlie super 
natural and magical and on the other mechanical expl^a 
tions invoicing only crude forces wilhm the range of every 
day experience. Avithout the microscope, without knowl 
edge of the arculabon of the blood, a fetus could only be 
understood as something that grows in the uterus as a 
flower grows m a flowerpot indeed the material causes of 
ahnormahty suggested by Par^ could equally well have been 
put forward by an uneducated 10th-century gardener to 
explain a sickly or deformed plant namely, excess or m 
sufficiency of the seed narrowness of the womb, as of the 
flowerpot malposition as when Uic mother hes too long on 
one side or a flowerpot hes overturned in tlic garden and 
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actual direct mjory The only item m hia list of causa 
of monstrosity that is not either supcmatuml or crudely 
mechanical is that of heredity — “crooke-bacJct produce 
crooke-backt” — but such on mhentance of gross deformi- 
ties was also within the purview of the gardener, and in 
Port’s time could not be accounted for by any material ex 
plonataon 

From hia speculative classificabon of causes we can see 
wby the pathology of the embryo had to wait until the 20th 
century before a really helpful analysis of its problems 
could be made. In the first place, the actaal cases were often 
so astomshmg and so distressmg that it seemed necessary 
and sufficient to ascribe them to acts of God or the Devil 
m the second place, it was impossible, for lack of knmdedgc 
of normal early embryology, to recognise the abnormal em- 
bryos at an early enough stage to understand the real na 
ture of the defects m the thid place, the physical Muses 
of disease of the fetus, os of disease m gener^ could not 
then be traced beyond the limits of nakS-eye obserration 
mto the realm of the microscopic cells, where better under- 
standing bea The development of sacntiflc teratology (as 
the study of abnormalities of the embryo and fetus is called) 
necessarily depended upon advances ra general biology and 
medicine, and particalarly upon progress m normal em- 
bryology 

Beginning shortly after the time of Par^ the first of a 
long succession of very able men began to study the de- 
velopment of mammals and birds Jerome Fabnaus of 
Acquapendente (1595—1619) revived at Padua the study 
of hen’s egg at successive stages of mcubation, almost 
forgotten as a scientific method since the d&js of ancient 
Greek biology he was also the first to explain and depict 
with thorough understanding the placenta and the fetal 
membranes of mammals His pictures of the cotyledonary 
placentas of sheep and cow, and of the amnion, chonon, 
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and allantois of vanous mammals could be used today m the 
classroom. "Wilham Harrey, srho had been a papd of Fs- 
bncras when a student of medicme at Padua, made pro- 
longed and skillful observations first on the hen’s egg and 
then on the King’s deer He learned how to find the em- 
bryos of mammals at relatively early stages and proved 
that their development is essenUaHy like that of birds An- 
other great step rvas taken about 1673 by Marcello Mal- 
pighi, who first senonaly utilired magni^Tn^ lenses m the 
study of embryos the clarity and detail of his drawings of 
the enbryomc chick at once instated the microscope as the 
duef mstroment of the embryologist, and gave to his suc- 
cessors m this branch of science the means of seemg and de- 
scribing the details of embryos too small for observation by 
the nnaided eye. By 1827 (the date of von Baer’s discovery 
of the mammahan egg cell) the general appearance of the 
mammalian embryo was known at bD stages and enough hu 
man embryos had been seen, under the lens, to provide 
knowledge of the external charactenshes of our own apeoes 
from ab^t the sixtb week on. 

Meanwhile, m the latter half of the 18th century, several 
distmgtnshed anatonusti namely John Hunter, Albrecht 
von Haller, and Caspar Fnediwi Wolff, had b^un to per- 
ceive that congenital defects and deformities do not repre- 
sent wild or random disorder m growth but are modifica- 
tions of the normal embryonic development- In 1822, witen 
Johann Fnednch Meckel published at Impxig his Hand- 
bueh der pathcioguchm Arudamie devoted m part to the 
desenpbon of malformsbon and anomahes m prenatal and 
postnatal hfe, he was able to discuss the subject without 
mysbosm, on the basis of known embtyologioil facts He 
recognised, for example, that cer tA-m defects represent 
merely the persistence of anatomical condihons that arc 
nonnal at an earher stage of the embryo, atnig sneh exam- 
ples as cleft palate and ectopia cordis (abnormally super- 
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fiaal position of the heart) He understood that other de- 
fects result from local duturbances of growth in embryonic 
stages, so that a port of the body becomes atrophic or hy 
pertrophic os the case may be. Thus attention was focused 
upon normal embryology as the basis of an understand- 
ing of the abnormal, and teratology became a recognised 
branch of science, worthy of the attention of serious mvesb- 
gators because it now offered the possibility of analysing 
observed cases with reference to an established body of 
knowledge. The subject did not, however, lose any of its 
fascination as it became more saentiBc, and it rapidly ac- 
quired an immense hterature. The Italian Taniffl publahed 
an 8-volume Stona dt Teratdlogxa between 1881 and 1895, 
and Schwalbe’s Muxbildungen det Memchm und dsr 
Thtffrg (1906), a standby of the laboratories, is almost os 
large. All the malformations ever reported have been clat- 
n£ed and given suitable technical names according to one 
authority’s system or another’s, and os far os possible the 
deformities, defiaenaes, inversions, and redoplicationi 
have been erplamed m terms of the normal structures m 
which they arise. 

S 

No amount, however, of description and classification of 
anomahes m late stages can tell us what caused them It be- 
came increaamgly clear that it would be necessary to col 
lect the earhest discoverable speomens of deformed or 
otherwise pathological embryos, m order to detect the ab- 
nonnabties in their inapiency A fairly laige number of 
young pathological embryos were described between 1880 
and 1000 by the great Leipzig anatomist Wilhelm Hu, by 
Carlo Giaeonuni, and others in Europe. The most impor- 
tant communication on this subject, however, came from 
the American Franklin P Mall, a brilliant graduate of the 
University of hCchigon Medical School, who went to Ger- 
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many to contmue his studies and had the good fortune to 
spend a year with Wilhelin His When Mall retumed to the 
United Stales he began hia own collection of embiy os, which 
later he made the nucleus of the Carnegie Collection m Bol 
tnnorc. From the very first days of his work Mah was as 
deeply interested in the pathological as m the normal, and 
by 1908 he had the material for a great monograph, Th^ 
Ongin of Human Monstert At this time he had em 
bryos, of which 163 were pathological These specimens 
came to Dr Mail from hospitals and practicing physicians 
to whom be had mode repeated appeals to send him embryos 
from miscarriages and operabons 

In order to maLe perfectly clear what Mall deduced from 
hia collecbont it must be understood that the abnormal 
specimens which he studied were by no means monsters m 
the usual acceptance of the word that is to say, they were 
not the spectacular creatures with animahlike visages, or 
reduplication of hmbs, or cyclopcan eyes, and so forth that 
had been the objects of mingled horror, conosiiy, and sa 
enUfic mterest for centuries Host of them were less than 
eight weeks old, and they were simply embryos that had 
faded to develop m a normal way Readers who followed 
the sketch of normal early development m Chapter I of this 
book will have no diSc^ly m understanding bow Hah 
classified them- Some of them, he pointed out, were merely 
atrophic that is, undersued and retarded m the develop- 
ment of their tissues or they were mere remnants of 
atrophic embryos There were chonomc sacs containing an 
amnion but devoid of on actual embryo In others there was 
neither amnion nor embryo withm the chonon Others con 
tamed embryos in various states of dissociation, with the 
tusucs and organs growing m irregular fashion, so that the 
embryos represented erery grade of change from olmost 
normal to n httlc nodule of irregular tissue that would not 
have been rocogmied os on embryo had it not been found 
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associated with placental villi and other accessory endences 
of pregnancy 

Most df these abnormal embryos had become speamenj 
m the laboratory becanse they were mcapable of develop- 
ment beyond a certam pomt. The arcnlation of blood had 
ceased, or had never even begun, and the chonomc tissue, m 
spite of its strong inherent tendency to grow even nndcr 
difficulties, had finally succumbed and was expelled* Mall’i 
collection also contained a number of cases of tubal preg 
nan<^, m which the blastogTst had lodged m the Fallopian 
tube (oviduct) and had developed there nntil its g r owth 
either ruptured the tube or produced severe pom, in other 
case compelling an operation In short, these embryos were 
destined to an early end, and some were already dead, be- 
fore they came into the hands of the physicians and sur 
geons who sent them to the embryologists* 

These blighted specimens winch Mall was so eager to 
study would thus seem, at first thought, to represent a class 
of defective embryos quite different from the monstrosities 
occumng as advanc^ fetuses or even as Imng mfanti, 
which had attracted so much attention from earlier work 
ert In past centuries they would have been discarded as 
completdy unmteresting from the standpomt both of tera 
tology and of normal embryology Some would not even 
have been recognised as embryos Mall, however, was struck 
by the fact that many of his early pathological embryos 
exhibited certain defects which arc also very common in 
monsters The clearest instance of this extremely important 
observation is seen m the defect called spma bifida The 
reader will recall that the spinal cord of the embryo is 
formed quite early, bcgmiiing m the third week, when the 
two neui^ folds take form alongside the main ans of the 
embryonic shield (see Plate VIH, Fig* B to E) The sni^ 
face layer (ectoderm) dips down between the folds, forming 
a groove winch is later closed over by the coalescence of the 
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folds In tins way the neural tube is formed below the akm 
at the head end it becomes the bram^ m the nech and trunk 
it becomes the spinal cord- One of the commonest of em- 
bryonic defects is a failure of the neural tube to close com- 
pletely, or a reop ening after closure, so that at one part or 
another of its length, and to various degrees of extent, it re- 
mams laid open to t^ outside. The tissue which would nor- 
mally form the inner layers of the spmal cord is then ex- 
posed In such a case the bony stmcture of the vertebral 
column, which subsequently develops from mesoderm 
around the spmal cord, is prevented from forming its nor- 
mal closure over the back of the cord. Hence the name sptna 
infidOy divided spme. Extreme cases, m which long stretches 
of the spmal cord and even the base of the bram ore open 
and exposed, are usually associated with other defects and 
are destined to miscamage or stillbirth. An infant thus af- 
flicted with multiple defects, which lives long enough m 
utero to be stfllbom near term, or even survives for a while 
after birth, would be classed os a monster Spma bifida has 
therefore long been known as a frequent characteristic of 
monstron^ On the other hand there are shgbt cases of 
spma bifida m otherwise normal infants, which be re- 
paired surgically In other cases the spmal cord and the 
skm over it succ^ m closing, but there is just enough local 
retardation to prevent the bony arches of the vertebrae 
from closing completely Houblless among the readers of 
this book there are a few who have found by runiimg their 
fingers along the exact middle of the back, that the tips of 
two or three vertebrae (posterior or dorsal, spmes) are m 
complete, most commonly m the lowest or sacral part of the 
spmal column. In this degree spma bifida is a perfectly 
harmless min or anatomical variation Such a defect is an 
excellent example of the way m which abnormahhes once 
extremely puzilmg, and therefore subject to explanation 
by superstitious guesses, can now be traced back (given 
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sufficient knowledge of embryology) to specific tmtecedent 
stages m normal embryonic life. 

Mall’s group of 163 early pathological embryos con 
tamed 12 clear cases of spma bifida. Here then u one of the 
defects most frequently seen in monstrous births, which u 
also found to occur in early embryos that could not hare 
survived long enough to reach the status of monstrosity m 
the usual sense of the term Mall also found m hia collection 
several cases of mapicnt anencephaily or faulty develop- 
ment of the brain. When on anencephahc infant u bom at 
or near term, the head and face arc so much altered by the 
long-standing retardation of the cranium as to produce a 
strange animal like appearance. Such coses form the basis 
of inld tales about children with frogs* heads and other 
fantasbcally misbmttcn creaturta which Par^ and hu 
contemporanes could ascnbe only to metaphysical causes. 
The first conclusion from Mall’s work is thus Uial early dis- 
soaatioa of the embryo on one band, and late abnormalities 
of the kmds classifiable as monstrosity, on the other, are 
simply different degrees of damage, and most be produced 
by the same set of causes Wc must scorch for the causes m 
early embryos Although this conclusion was not entirely 
ongmal wi^ Mall, his mvesbgation was the first to support 
it with extensive factual evidence. 

In the long list of possible causes of prenatal abnormal- 
ity, as summarised for example m the passage quoted from 
PaH m 52 of this chapter, there are two causes, or rather 
two groups of causa^e factors, which have always ap- 
pealed to hardheaded unsupcrstiboos scientific men. If we 
define the two groups broadly and in modem terms, we find 
that one or the other of them has been fovored by every one 
of the senous thinkers who have apphed themsel^’es to the 
problem, from Aristotle down to the present tune. They 
arc (1) influences of a physical sort, cither mechanical or 
chemical, actmg upon embryo from outside, and (2) 
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factors operatmg from TVithm the egg or the embryo itself, 
mhented from its parents or at least mherent m the ger 
mmal constitabon of the egg, or of the sperm cell which 
fertflized it, or in the constitubon of the embryo which re- 
inlta from the combination of egg and sperm celL In short, 
a def ecfave or monstrous embryo must be due either to a bad 
egg or to a bad ennronmeni actmg on a good egg This is 
the old problem of heredity versus environment, and it is 
just as difficult to resolve m the embryological laboratory 
as it IS m the world at large- Par^ included both possibflifaes 
m his catalog On the one hand mentioned the mbent 
ance of deformities, and on the other he listed “straightnesse 
of the womb,’ which unphes a variety of mechanical effects 
causing pressure upon the embryo. Subsequent wnten 
specified such factors as malformations of the mother’s 
uterus itself or of her pelvis, producmg bteraDy a too-nar- 
row space for the embryo or obstmcbon by a tuioor or by 
a twm fetus c ro w d ing the avaHable space or the pressure 
of corsets upon the mother’s abdomen Everv time tight 
laanghas returned to fashion, alarmists have onsen, m and 
out of the medical profession, to accuse mcxhsh young wives 
of mjunng their unborn babes by drawing corset strings 
too tightly Such mechanical hypotheses of the cruder sort, 
which were never proved, gradually gave place to conjec- 
tures about anoth^ sort of constncbon, namdy from a^e- 
sions of the anmion or from loops of the umbilical cord 
about the fetus but these condibons w er e found to be ef- 
fects rather than causes of embryonic breakdown- Such 
vabd objecbons have been raised to all the theories of sun 
pie physical pressure and constncbon that finally they had 
to be set aside. When Franklm UfaH finished the study of 
his own spec rmens and attempted to formulate an eiplana 
bon of the abnormalibes he had seen m human embryos he 
was able to expound a much more subtle theory of damage 
by environinental factors, based upon a brilliant and m 
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structive senes of experimental researches on the embryoi 
of lower animals. 


4 

Defective and monstrous embryos PAn be produced from 
good eggs, by the achon of damagmg conditions m the en 
MPonment- This eiccedmgly important fact was discovered 
by the French zoologist 6benne Geoffrey St. BHaire 
(1772— 1844), who experimented upon chicken eggs during 
incubation By pncking the embryos through hoJes m the 
shell, or by vamishmg the shell and thus cutbng off the em- 
bryo’s supply of oxygen, he obtamed a large number of 
anomahea among which were instances of defective heads 
and of spina biiida. His son Isidore Geoffrey St-Hilaire 
earned sinular ezpenments back to the earhest days of m 
cubabon, with the result that the embryos were dwarfed, or 
were altogether wantmg when the ^gs were opened some 
days after the damage was infficted. 

The eggs of aquatic animals, such as echinoderms (sea 
urchins, starfishes, and the like), fish, frogs, and salaman 
ders, are relabrely subject to erpemnent since 1890 
scarcely a snimner has passed at the seaside laboratones 
without experimentation aimed at produemg abnonnah 
ties The problem has attracted many distmguished biolo- 
gists The philosophical Hans Dnesch m 1892 produced 
double monsters, very much like human Siamese twins, from 
sea urchins’ eggs by subjecting them to high temperatures 
The physiologist Jacques Loeb accomplished the same 
thmg at Woods Hole by exposmg the eggs to water of ab- 
normally low saltmesa Edmund B Wilson did it with eggs 
of the lancelet, Amphioxus, in the two-ccUed stage of seg 
mentation, by partially separating the two cells by shakmg, 
and Hans Spemann of Freiburg did it with frogs* cg^ by 
^ing fine thread around the trro-celled egg, thus obtaining 
two-headed embryos 
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Another way of producing temporary injury to aquabc 
eggs IS to put them mto water containing dilute chemical 
agents The action of salts of lithium upon sea urchms’ and 
fishes* eggs causes a special type of retardation and irrcgu 
lar malformation, analogous to that seen m the nodular re- 
tarded embryos of man Similar “total monstrosity,” as 
Mall called it, was produced by one of his students, C R 
Bardeen, by X-raymg the sperm cells of toads before us 
mg them to fertilize eggs, 

Jacques Ixieb discovered that fish eggs subjected to n 
wealt solution of potassium <dilQnde shortly after feiiiliza 
bon developed abnormal hearts which did not beat such em- 
bryos of course became highly abnormal Another of Mall’s 
students, Henry Knower, was able to remove the heart 
foreung tissues of very young frog embryos by operafaon 
under the microscope, and as might be expected he too ob- 
tained marked obnormolibes m subsequent development. 
■Mall had already seen early human embryos which had de- 
veloped for several weeks without a hearti forming cunoui 
raonstrosibei 

We owe to Oskar Hertwig of Bcrlm and to Thomas Hunt 
Slorgan (then at Columbia University, New York) the 
sinking discovery (18fl4-96) that a 6% solubon of com 
mon salt, sodium chlondc, apphod to frogs’ eggs at the 
nght stage of dci'clopment, slows the growtii of the neural 
tube, prevents its closure, and causes spma bifida. When 
the damage affects the head especially, it produces typical 
ancncephaly (retardation of the brain) analogous to that 
often seen in obnonnal human fetuses 

One more Ttroarhablc discovery of the expenmen tal tera 
tolo^ts must be cited before we discuss the appheabon of 
all tms work to the problem of human prenatal abnormal 
ity Charles R Stockard found that minnows’ eggs, treated 
at one parbcular early stage of development with dilute 
solutions of magnesium chlondc and other salts exhibited a 
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very peculiar defect. Instead of developing two eyes, the 
pnmordia of the eyes held together during growth, form- 
ing one central eye. The salt also retarded general growth 
and enfeebled the arcnlafaon of blood, but many of the em 
bryos eumved as cyclopean monsters Thu strange special 
effect u due to local rctardabon of the frontal part of the 
bram between the sites of ongm of the two cyet. Before 
Stockard^s expenments, cyclopia had been produced m frog 
embryos by splitting the head region of the early embryo 
(Bom, Spemann), by removing the brain at a very ea^ 
stage (Ross Homson) , and at a still earher stage by pnek 
mg with a needle the anterior end of the embryonic ^igld, 
long before other the brain or the eye-pmnordia had be- 
gun to be visible (Warren H. Lewis) In human embryos 
the teratological experiments done by nature mclnde a good 
many defects of tbe face, resnltmg from local destracbon 
or retardation durmg early embryonic stages. Among these, 
cyclopia had sometimes been known to occur The cyclopean 
monster has its one eye ra the middle of the face, and the 
cerebrum u atrophic. Embryiu with defects of thu degree 
are usually mcapedile of long gestation, but they sometunei 
g r ow large enough to be objects of attention by the cunous 
perhaps the ancient myth of the original Cj dopes, the one- 
eyed giants of Mount Etna grew from the birth, or more 
Iflcely, stillbirth, of such a monster 

A great many experiments of the same general sort hare 
been done with the eggs of birds, especially heni’ eggs but 
os the reader will eamy understand it u more difficult to 
apply and to control the operative procedures and dicmical 
agents when usmg ^gs that are protected by shells than it 
u when the objects of study are the eggs of agnatic an im a l s, 
which are plentifal, easy to handle, and readily exposed to 
all sorts of experimental conditions It may be said, bow 
ever, that most of tbe common types of monsters that are 
produced arbfiaaHy m aquatic eggs have also been pro- 
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duced in birda* eggs, although with less uniform success. As 
for the mominals, it is in the first place quite difficult to get 
the embryos at convenient tunes and at the right stage of 
development This requires elaborate breeding colonies and 
an extensive knowled^ of the reproductive cycles of the 
vanous ipeoes. La the second place ma mm a lian eggs and 
embryos are very difficult to get at physically, protected as 
they are withm the uterus In the third place, it is practi- 
cally impossible to alter their environment by chemical 
means (by admnustcnng drugs, for example, to the mother) 
to the alight and exactly controlled degree required to dam 
age the embryos without falling them, for the mother^s 
blood and tissues act os a proteefave and regulatory defense 
against all minor vonafaons of salt concentrabon, acidity, 
and temperature, or whatever chemical or physical weapons 
might be tried by the expenmenter For these reasons we 
are only at the beginning of experimental teratology m the 
mammals. 

Returning to the experiments with aquahe eggs, from 
which we have learned most, it is important to note that 
abnormahtics are produced by attacking, at just the right 
time, a region m which profoxmd growth achvily is under 
way It makes bttle difference whether the injury is pro- 
duced by mechanical means, such os shafang or needlmg 
the eggs, or by a more subtle physical weapon such as the 
X ray, by changes m temperatuir, or by chemical poisons 
Of course one of these methods wiH be more practicable 
than another m any given case but the important thing is 
that all agents operate by disturbing the normal progress 
of growth and differentiation at spemficaDv critical times 
Retardation, for example, of the neural tube when it is 
about to close produces spina bifida damage to the front 
part of the brain at one particular time produces cyclopia, 
whereas the same mjunems agent a httle later, when the 
tissues between the two eye-primordia ore firmly developed, 
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can jidd no racli gpectamlnr result but only general dam- 
age jn that region. There ts a crrtical stAge of development 
of the hmb-buds, and at sn^ a tune a weBPadjuited experi- 
ment on the embryos of smtable species will produce de- 
formities analogous to human clubfoot. 

The bnlltant epoch of biological research whicii I have 
just sketched vas at its height just at the time when 
was coHectmg and studying the abnormal human embryos 
of his 1908 monograph. Men whom he knew personalty — 
Jacques Loeb, Morgan, Wilson, and Siockarid — were ex 
pertly producing a whole senes of anatomical defects and 
monstrosities m the larvae of echmodenns, fish, uTid am - 
phibia, while he, m his laboratory, was the observer and re- 
corder of a great and tragic expeninent of nature, done 
upon the embryos of man. The results were all too obviotuty 
similar It was clear to the Baltimore anatonuit that the 
human embryo, no matter bow fully protected it a in the 
uterus, IS subject, at the critical tunes of its devdopment, 
to mfiumces produemg retardabon and malformabon, as 
surely as are the aquabc ^gs of the expenmenters at 
Woods Hole. 

But the human embryo is exposed to no delibcrale at 
tack comparable to the instruments and chemical solabons 
of the biologist. It bes out of sight and out of reach, m the 
umfonnly condiboned environment of the uterme cavity 
In the earbest abnormal cases the damage nrast oftentimes 
be done even before the mother knows she is pr^;nanl. 
What then can be the agents of mjuiy and destruebon m 
our own speaes? 

When ^laH set brni^plf this quesbon, his only means of 
answermg it was to consider the clmical histones of his 
cases and to seardi the specimens themselves for evidence 
of disease. Naturally be found all sorts of destructive 
change m the placentid tissue*. Some of the specnneni came 
from cases of tubal pregnancy, m which of course the em- 
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bryos -were m a highly unfavorable environment. Among 
the majority which were from ordmary ntcnne pr^nan 
aes, a few showed signs of franh purulent infection. In 
others MaU or the physiaans and pathologists at the hos 
pitals saw what they considered signs of endometritis, that 
IS to say, mflammafaon of the uterme lining Strongly in 
fluenced by the work of the experimenters, MaU reasoned 
that just as any egg of a mmnow can be made to yield a 
monster, so every human egg has the possibihty of becom 
mg an ^normal embryo if the environment is unfavorable 
at critical tunes m its development. He came to the general 
conclusion that retardation, dissociation, and monstrosity 
of the hnman embryo are caused by unpaired nutrition, and 
that this m turn is the result of faulty implantation due 
usually to disease of the uterus, chiefly inflammation. As far 
as he could see, the question of heredity versus environ- 
ment m the determinatiou of prenatal abnormally was an 
fwerable entirely m favor of environment. 

In the next two secfaons I am gomg to show that this final 
deduction was premature and partly mcorrecL The fact is 
that the pathologists were not in a position at that time to 
judge the question of maternal uterme disease. The abor- 
tion of a human embryo is a damaging process which wiD 
show itself m the tissues of both embryo and mother regard 
less of which is first at fault. The resultant specimens are 
moreover subject to all sorts of variant clinical condifaons 
which make microscopic diagnosis difficult The process of 
sloughing out the products of conception may take days, 
with resulting injury to the uterine lining inflammation 
may occur as a result rather than a cause of the miscar 
nage the doctor may have mtroduced instrumenU for di 
agnosis or treatment, produang other damage in short, 
the gpeamens which readi the laboratory can be very mis 
leading Furthermore, knowledge of the pathology of the 
uterus was considerably less accurate than Mail realized 
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when he wrote. At that tune (1908) pathologista were not 
aware of the normal cyclic change* of the human endo- 
mctnuin under the mfluence of the corpus luteum hor 
mone.* A classical article on thm subject by Hitschmann 
and Adler of Berhn only appeared in that some year The 
diagnosis of mild mflanunation of the utcnnc hnmg (“glan 
dular endometritis”) was being made m many coses that we 
now know were normaL 

The reader should therefore withhold, until he reads 
farther, acceptance of the idea that human embryonic ab- 
normahty is always or usually caused by faulty implant* 
tion due to maternal disease but this reservation by no 
means cancels the value of hloU’s masterly ertcnsion of hu 
man teratology to the early stages Whatever the malign 
mfluences that act upon hnmnn embryos, we know from his 
work that they cannot be peculiar to our own speaes and 
that they ore ultimately to be cxplamed by observation 
and experiment within the scope of practical biology and 
mediane. 

5 

Among those who remained unconvinced that faulty nn- 
plantabon due to maternal disease is the chief or sole cauR 
of human embryonic defeebveneas were biologists who had 
made a special ^dy of the earliest embryonic stage* of am 
rnftU under natural condibons, mfluenc^ nerther by labo- 
ratory eipernnents nor by the effects of disease. All such 
mvestigators, whether thar studies had been upon inverte- 
brates or fishes and birds, had seen defective mdividuals 
under circumstances that could not involve a faulty mater- 
nal environment, because of the very nature of reproduction 
in those animals. There can be no quesbon of faulty im- 
plantnbon when one chick in a nestful of incubated eggs 
fails to hatch, or when a frog’s embryo becomes monstrous 
a SeeCJ»pterI p.4L 
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m the midst of a numerotis dnster of eggs all equally ex 
posed to a common ennronmenl of pond -water If it he 
suggested that observatioiis on oviparous ann n aU are re- 
mote from the problems of human disease, we must consider 
that even m mammals defective embryos are tnown to oc- 
cur under orcumstances which exclude the Kkelihood of 
maternal disease. A cow or mare, for instance, occasionally 
loses one of her onbryos, or gives birth to a deformed fetus, 
as an isolated event m a senes of normal births. Slill more 
to the pomt, animals with multiple litters, such as pig, rab- 
bit, and rat, not infrequently produce a runt or a deformed 
mdividual m the midst of a litter of healthv offsprmg 
The rate of such proiatal loss can be estimated by vari- 
ous methods The nnmber of eggs discharged from the 
ovary at one tone can be determined, m animals killed dur- 
ing pregnancy, by counting the number of corpora lutes. 
The reader will recall, from 56 of Chapter I of this book, 
that when a Graafian foUicle sheds its egg, it does not dis 
appear from the ovary but is converted into a sohd organ 
about as large as the foUicle, the corpus Inteum. The Eng 
hsh mvestigator John Hammond m 1914 found m 27 sow* 
killed shortly after ovulation an average of 20 corpora lutea 
per animal this means that on average of 20 eggs -was shed. 
The average litter at birth of the same breeds m England 
numbers 12 Hammond s figures thus mdicate that 40% of 
the eggs shed failed to reach birth as livmg pigs. Similar 
estimates from observations on rabbits by several observers 
gn-ve prenatal loses from 18% to 83% J A. Long and 
H. AL Evans m their well known monograph on reproduc- 
bon m the white rat (1922) found 9 6 eggs discharged 
from the ovanes at one ovulabon (average of 60 rats) and 
an average htter-sixe at birth (166 litters of the same 
stram of rats) of 6 4 gmng a loss of 33% 

In ammals wbch shed but one egg at each ovulabon, the 
loss of ova cannot well be detenmned directly, but a some- 
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wHat g r m f l ftr calcoUtioii can be made by an indirect method. 
It IB well known to breeders that single matings m the horse 
and cow do not always prove fruitful, even though the 
mates be fertile. The faflures may be attributed to defecbre 
sperm cells or eggs, to causes which prevent union of eggs 
and aperm, to defective fcrtflixation, and to death of the 
fertilized or embryo If however both the mates are 
healthy and anatomically normal, and are known to be fer* 
tile by the result of previous and subsequent matings, then 
it IS almost certam that the failarea are due to trouble with 
the fertilized eg^ or the embryo In a small herd of Ayr 
shire cattle, expertly managed by a veterinary surgeon 
(Dr Dickmeon Gorsuch of Timomum, Maryland) there 
were B bulls and 17 cows, all proved to be fe^e. Durmg 
the course of several seasons 54 matings prodneed 47 preg- 
nanaes, gmng a 18% rate of fadures. Five of the 7 m- 
itances of failure were followed hy pregnancy after a second 
mating, and the reraammg 2 were followed by pregnant 
after a thxrd mating S imila r computations from mutt 
larger though less accurately controlled senes of cattle and 
horses, recorded by breeders in Bntam and the United 
States, gave rates of prenatal loss from 20% to more than 
60% 

In 1920 a painstakmg Scotchman, Arthur Hobmson, 
who was profetsor of anatomy at Edinburgh, m his Stmth* 
ers Lecture before the Royal College of Surgeons of that 
aty r ep o r ted on exceedmgly careful study of prenatal 
mortali^ m the ferret {Mtutehu putonui a carmvore) 
His animals, to the number of 166, were killed at vanoui 
stages from 18 hours after mating until partuntion, which 
occurs in that species on the 42d day Robmson obtamed a 
prenatal loss, of eggs leavmg the ovary which did not re- 
sult in hvmg young bom at term, of not less than 35 % It 
must be emphasized again that m aD the studies on this ques- 
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tion which hATe beea ated the mothera were presumably 
free of uterme disease. 

Any such computabon for tixe human species is neces- 
sarily less precise, but the obstetricians have long bdieved 
that the proportion of pregnancies which terminate before 
birth, mdadmg the earhest with the later cases, may be as 
high as one m three. In the Herbg Rock senes of human 
embryos of the second and third week, now numbering more 
i-Kati a doien specunens, the percentage of abnormal em 
bryos is about fiO %, but this may be higher than m the gen 
er^ population. It should be mentioned, madentaDy, that 
most or all of these abnormal embryos would have been 
aborted so early, if the cases had not come to operation, that 
the mothers might not have known they were pregnant- 

Ihirmg the course of mvestigations sutdi as that of Ar 
thor Robrtuon rt became clear that defective embryos may 
be found m nten which arc free of infection and other 
pathological condibons, and that m animals which bear 
more than one embryo at each gestaboD normal and abnor- 
mal onbryos may be found m the uterus at the same tune. 
Furthermore, abnormality or degenerabon may occur at 
any bme, even m the first days of gestabon. Embryologists 
who have seen many early embryos of mflmTnnlii have occa- 
sionally found abnormal embryos before nnplantabon. I 
myself reported m 1921 a pig blastocyst, still unattached, 
which bore a little tumor instead of a normal embiyomc 
disc, perhaps the earhest mammalian embryo yet reported 
which may properly be termed a monstrosily It was found 
m a heal^y uterus 

To such isolated observabons Arthur Robinson made a 
valuable addibon, m his work upon the ferret, by classify 
mg bis cases of abnormality according to the sta^ of preg 
nancy at which they were detected. He found that m 67 
animals studied before the 8lh day of pregnancy 16% of 
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the ova were muunng or imaegmcnted. Other embryos be- 
came abnormal at later fftocca Microscopic eiammation of 
the uten proved them to he free of except that 

when embryonic death occorred after implantabon, Robm 
son found changes in the li ning of the uterus similar to 
those described by Mall m human uten containing abnor 
mal embryos He beheved that m his ferrets defective em- 
bryos hod become faultily nnplantod, rather than that 
faulty implantation caused embryonic defects- He sug 
gested that these failures of fcrtihiabon and of develop- 
ment ore due partly to inability of the eggs and spenn 
cells of certain individuals to mute at all with each other, 
and partly to the production of abnormal embryos by the 
muon of certam ^gs and sperm cells 

In the summer of 1920 I found myself in a celebrated 
laboratory devoted to the study of heredity, the Depart 
ment of Genetics of the Carnegie Institution of WasWg- 
ton, at Cold Spnng Harbor, Long Island. The Director, 
Dr Charles B Davenport, was himself mtercsted, although 
from another standpomt, m the question of prenatal lots. 
In trying to ci|)lam some peculiar features of mhentance 
m humsm famihes, Davenport had been forced to suppose 
that some of the raortahty m utcro must be due to a consti- 
tutional incapaaty for development on the part of certain 
embryos wluch have become implanted m a healthy environ 
ment. By way of testing this supposition he made a number 
of counU of corpora lutca and embryos of swine, choosing 
that species simply because the pork bunness has made it the 
easiest of all mammals from which to get embryological 
material m quantity lots. The result of Davenport’s counts 
was similar to those ated above from Robinson and others. 

I was at the time m the midst of an extensive study of the 
physiology of reproduction in swine, and was m possession 
of information which I thought might help to carry the dis 
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cuESion farther In the first place, the pig happens to be 
especially favorable for this sort of study, becanse the mode 
of placentation is very sunple- As explained m Chapter I, 
| 10 , there is no interlocking of fetal and maternal tissues, 
and it IS therefore very easy to decide whether damage to the 
tissues of the nnplanlabon site is on the maternal or the 
embryonic side. The second way in which I hoped to mate a 
contnbufaon to the quesbon requires somewhat fuller state- 
ment- I explamed m Chapter I that successful implanta 
bon of embryos mvolves the exact complebon of a senes of 
changes m the Immg of the uterus by which it is made fit 
to receive the embryos these changes are caused by a cbemi 
calsecrebon (a hormone) of the corpus luteum The unde r 
standing of all this was just then bemg worked out in van- 
ous animals It had be«jme known that unless the uterine 
liTimg 18 m the progestabonal state, os shown m the right 
hand pi ctur es of Plate V, the embryo will not find a suitable 
environtnent when it a rrivta m the uterus In view of this 
fact, those who demand the fullest proof of a nonnal utenne 
environment might well raise the question whether Robin- 
son and other workers had said the last word when they 
stated simply that they found the uterus normal, healthy, 
or free from infection It might be normal and healthy m a 
general way, and yet througn some rajagmable disturbance 
of funcbon not have reached that stage of bssue change 
which is necessary for successful nourishment and implan 
tahon of the enbryos. A fidd may be drained and cleared 
and yet not be ploughed and fertilued sufficiently to sustam 
an exacting crop I had been studying the uterme cycle m 
the sow, and having just pubhsh^ a day to-day descnp- 
bon of the microscopic elate of the utenne bTnog m the 
first weeks of pregnancy, thought myself prepared to de- 
cide m a given csae, better than could just then be done m 
any other speaes, whether or not the utenne environment 
was funcbonatty normal as well as merely free from disease. 
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Dr Davenport provided me with hia blcsimg, a comimi- 
tataon bckel to New York Ci^, and an enthusioatic young 
assistant, Dr Clyde Keeler Addmg to the specuneni be ana 
I collected at the packmg honse m New York a small num- 
ber obtamed later in Balbmore, I ciommed 536 pregnant 
nten contaming 3,774 embryos and fetuses m oil ita^ of 
development. In the earbest pregnanaes the uten were 
washed out with salt solution and the washings were 
searched under the microscope. By groupmg all the spea 
mens according to the stage of pregnancy and tabulating 
the numencal proportion of survivmg embryos to the cor- 
pora lutca m each group, it was possible to work out the 
rate of loss To make a long story short, I found that at 
least 10% of the eggs did not divide at all another 10% 
developed into blastocysts and then degenerated and still 
others, omountmg to another 6% to 10%, died or became 
visibly abnormal after the blastocyst stage, some of them 
during implantation, others at various stages of pregnant 
Only about 70% of the ^fgs were represented at tenn by 
Im^ It must be emphasized Uiat I tabulated only 
cases in which some of the embryos were nonnal m other 
words, the dead or abnormal embryos m question had come 
to grief m the same uterus with healthy htter mates. AD 
uten containing embryos up to and mcluding the enbea] 
stage of implantabon were subjected to microscopic ex 
aroinabon and were found to befunebonaDy normoL When- 
ever at later stages on abnormal embryo or fetus was found, 
that part of the uterus m which it lay was carefuDy eiam- 
med and if necessary secboned for microscopic e xnmina 
bon No maternal disease was found m these cases the 
utenne waD around a dexid embryo was like that aroimd the 
healthy, gr ow i ng htter mates 

The commonest ^T>e of abnonnah^ found m these preg 
nancies was choractemed by ^neral breakdown and mac- 
erabon (ne., slow softening with ultimate dismtegrabon) 
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Other abnormahties included cleft palate, absence of the 
tflil, and amorphous (formless or nodular) embryos In 
several of the earhest cases I found undivided eggs sur- 
rounded by sperm cells 

These obs^ataons show beyond doubt that a lai^ part 
of the total prenatal mortahty m the sow occurs m the com 
plete absence of maternal disease as far as can be deter- 
mmed by direct microscopic ezammation, and m nten which 
must be functionally normal, with all the hormone mecha 
TiTsms m good order, for they are at the same time carrying 
other embryos through the normal course of development. 
It should be mentioned that there are undoubtedly also 
some cases m whidi maternal disease plays the decisive part- 
I have seen a few instances (not included m the foregoing 
summation) m which the uterus was infected with pus- 
forming germs, causing death of all the anbryos. This is of 
course a very different matter from the death or abnor 
mahty of a smgle embryo or two or three scattered through 
a uterus among normal htter mates. Most of the human de- 
fects m which we are mterested are without doubt compa- 
rable to the latter class, for they usually occur as mdividual 
cases intercalated in a family senes of normal births 

6 

We are forced, then, to suppose that in almost every ht- 
ter of pigs, and presumably among the offspring of other 
m a mmals , there ore good embryos and there are also bad 
ones which cany withm themselves the hidden causes of 
their own destrucbon or defectiveness, and are doomed even 
though they receive the advantages of a good environment 
m the uterus How is this to be reconciled with the evidence 
from experimental embryology cited m $4 above, which 
proves that every egg contains the possibility of abnormal 
development under the influence of harmful agents m the 
environment? 
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In the same year m which F P MaD’s monograph on the 
causes of human monsters appeared (1908), the French 
biologist L. Cu^not discovered a case of hereditary trans- 
mission of an embryomc defect which is much subtler and 
more instructive than hia fellow countryman Park’s exam- 
ple (quoted ot the begmmng of this chapter) of “crooks- 
backt produce crooke-backt, lame produce lame, flat nosed 
their like.” CufinoPs findings were amplified by the Ameri- 
can ^cnebasta W E Castle and C C Little what I ate 
here is the work of all three. There is a kmd of tame motue, 
bred by fanciers, which has a yellow coat. This character 
isbc IS dommant m breeding that is to say, if a yelloir 
mouse IS mated with one of another color, say white, all the 
offspring are yeflow But the second generation mice, bar 
mg one white parent, carry the hidden (recessive) potency 
of producing white offspring If two such mice, each carry 
mg a recessive mhentance factor (gene) for white coat 
color, are mated together, we expect from the pnnaplei of 
Mendehan mhentance that one-fourth of the offspring will 
inherit the yellow coat from both parents and will of course 
be yellow, ca r r yin g no genes at all for white one-fourth 
will mhent white coat from both parents, and will be white, 
since they carry no genes for y^ow, two-fourths will m 
bent yellow from one parent and white from the other, and 
win be yellow but will car^ the recessive gene for white. 
Thus the whole group of offspring will contam 3 yeDow to 
1 white. This expectation is shown diagranunatically os 
follows 

ycDow white 

IXl 

yeDow white 

1 yeDow yeDow 2 yeDow (white) -f- 1 white-white 
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A sumlar result occurred m Mendel’s ongmal cross of tall 
with short sweet peas and has been confirmed m thousands 
of crosses m all sorts of plants and animals m which simple 
combmahoni of a dominant with a recessive character have 
been followed out. In the case of the yellow mouse, how- 
ever, Cu&iot noticed a different outcome. The families of 
yellow (white) mouse pairs average only two yellow-coated 
to one white-coated offspring When the yellow offspring 
ore themselves tested by mating together, one-third of their 
offspring are in turn white instead of one-fourth. None of 
the 3 rellow-coated mice, m fact, ever give evidence of bemg 
pure-bred for yellow It is obvious therefore that the ex 
pected yellow yellow mice, which should make up one- 
fourth of the total offspring, are not bemg bom. There 
must be something incompatible with life m a double in 
hentance of the yellaw-coat gene, not necessarily the color 
itself, but some factor that is inherited along with the genes 
for yeHow Counts of the famOies of these mice support 
this conjecture, for the average number m a htler is about 
one-fdurth less than in out-crosses of Ibc same mice and 
finally, the New Haven embryologist Kirlham found in 
1917 that about one-fourth of the embryos die in utero at 
or soon after the time of implantation. 

The case of the yellow mice is a good example of a leihal 
gene an inhentnble factor which causes death of the mdi 
■nduals which receive it undiluted by the correspondmg 
nonlethal gene from the other parent In the fruit fly 
Drosophila and the other animals and plants which have 
been cxtcnsivelr studied by geneticists many such lethal 
factors arc known, and also many others which are merely 
detrimental ratlier than lethal, since they do not loll the af- 
fected individuals but only make them abnormal withm the 
range of viabibty These various harmful factors may take 
effect at any stage of hfe. Some are known which produce 
imperfect ^gs or sperm (in plants, defective ovules or 
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pollen) , thus preventing these germ cells from even coni- 
pletmg the process of fertflixation Others operate upon the 
early embryo, as in the yellow mouse, and 8t31 others come 
into play late m embryonic life or even after birth. The 
rare human disease called Huntington’s chorea exemphfie* 
the action of a lethal factor which does not take effect untfl 
late m adolt life. 

l^ethal and detrimental genes are also qmte vanons m the 
nature of the disturbances they produce, th^ may came 
retardation of this or that phase of development or an 
anatomical deformity, or thq^ may upset the chemical func- 
tion of one or another tissue of the body 

The problem of lethal and detrimental hereditary fac- 
tors in mammals has in recent years been attacked ser 
eral of the leadmg genebosta, m eluding espeoaDy SewaD 
Wnght of Chicago, H- Gnicncberg of I^ondon, C. H. Dan 
forth of Stanford Umvem^, E. Carlton MacDoreD of 
Cold Sprrag Harbor, and I*. C I>unn of Columbia Um- 
versity I am indebted, for many of the facts ated m the 
next few pages, to Dr Dunn’a Harvey Soaety lecture of 
1940 and other recent papers by himself and coUeaguei. In 
the small, prolific laboratory mammals such as mice, rats, 
and gomea pigs, quite a number of embryonic and con- 
genital abnormahbes have been found to occur as heredi- 
tary characters As the development of the affected indi- 
viduals has been worked out, the disturbances have been 
found to be due basicaDy to failure to attam the normal de- 
gree of development at a given time, either m general 
growth or m one or another special region of the embryo, 
but amce the growth of the aeparatc parts is partly de- 
pendent upon the orderiy progress of the whole body, these 
retarding influences may not only prevent the growth of a 
given part but they may cause the regression of a part after 
its more or less normal pnmary development, or, on the 
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other hand, penmt overgrowths by upsetting the local bal 
ancc of growth- 

Jlost types of ahnormahbes which have been traced to 
their first appearance are found to begin early in develop- 
ment. The more they are studied the more they are seen to 
represent, so to speak, orderly disturbances of the normal 
patterns of development. This pomt will be clearer a httle 
later when we discuss the organizer system of the embryo 
One example will serve to illustrate what is meant Sewall 
Wnght reported m 1935 a strain of guinea pigs which car 
nes a hereditary factor affectmg the front and hmd feet. 
Animals which inherit this gene from onlv one parent tend 
to have one extra toe on each foot apparently there is a 
local stimulus to excessive growth which takes effect m this 
way Thhse offspnng, however, which mhent the foctor 
from both parents develop mto monsters, most of which die 
as young embryos only a few survmng to be born at term. 
In these latter the are short and distorted, with paddle- 
ihaped feet the eyes ore rudimentary and the head tttik 
ihapen J P Scott, who studied the embryology of these 
gumea pigs, finds that the first visihle abnonnahty is exces- 
sive growth and, at the same Inne, arrested differentiabon 


of form of parts which are growing most rapidly at about 
17 days of gestabon (total gestabon period G5 days) The 
abnormal heredity, m double dose, seems to stimulate gen 
eral growth at that speaal time. Parts which would just 
then be attaining definibve form, m parbcular the fore and 
hmd feet, are made to grow faster than they can differenb 
ate. If this unbalance of growth is severe enou^, the em- 
bryos die but if they Irvc, the growth impulse subsides in 
that region and the part is left in an embryonic state while 
other regions grow m their turn. Similar researches have 
shown that mamy of the types of embryonic or congenital 
defects commonly occur rmc^n] the hi^ma^ra o for instance 
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spma bifida and ancncepbaly, cleft palate, defomubes of 
the face, hands, and feet, and imperforate onus, also occur 
as hereditary characteristics in Oie laboratory animal*, m 
which they con be investigated by genetic analysis and cm- 
bryological study Although we cannot cipenment with our 
own Bpeaca, the inference is clear that, os in other unTTnali^ 
anomalies are often the products of bod eggs m a good 
environment. 

But lest the pendulum of our thought swing too far, let 
me next ate another instructive case. There is a well known 
hereditary anomaly of fowls called mmplessness, m which a 
few vertebrae at the end of the spinal column, m the region 
of the sacrum and tail, are suppressed This is inherited as a 
simple licndehan character L C Dunn, and al»o Walter 
Londauer of the University of Connecticut, pomted out 
the occasional occurrence of spontaneous cases of rumplesi 
ness which arc not hereditary Once, in 1032, when Charles 
Danforth of Stanford Universi^ happened to be meubtt 
in^ hens* ^gs for experimental purposes, three rumpless 
chicks turned up in one lot of eggs Unable to accept tin* os 
a comadcncc, Danforth guessed that some disturbance dor 
mg early incubation might have produced tlie defect, and 
therefore he tried varying the incubator temperature. In 
culmting, in various tnais, 52 eggs from normal parent* 
(lc., fowls not carrying the gene for hereditary rumples* 
ness) he obtained 4 cases of the deformity, oil of them from 
eggs which had been subjected to fluctuatmg temperature 
durmg the first week of incubation The important thmg 
about this expenraent is that a defect, analomicoDy the 
tame, and known to depend upon retardation of growth ot 
the caudal end of the embryonic body during the first day* 
of incubation, has been shown to occur (1) os a hereditary 
character of the simplest kind, (2) os a seemingly cli^ce 
variation which is not hereditary, and (3) os the rciml o 
injurious environmental conditions acting upon normal cm- 
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bryos Thus either a bad egg m a good environment, or a 
good egg in a bad environment, can become abnormal m the 
same way This la a remarkable thing, that exactly or al 
most exactly mmilar injuries, often of a highly specific sort, 
and dependent upon very special maladjustments at very 
particular tunes in embryonic life, can result from such dis- 
sunflar causes How this can be is to a certam extent ei- 
plamed by the theory of orgauuers, which I shall next 
discuss. 

The concept of the organizers is best mtrodnced by the 
story of the first experiments upon which it is based These 
concerned the dev^opment of the eye in amphibian cm- 
bryc«. In all vertebrates the eye begins as an outgrowth 
from the side of the brain, wbidi takes the form of a cup 
connected to the brain by a stalk. The stalk becomes the 
opbc nerve the cup forms the odes and back of the eyeball 
As the cup grows out, it comes voy close to the outer layer 
of the emoryo, the ectoderm, and a round area of the latter 
becomes thickened and sinks a little way m toward the open 
part of the optic cup to become the lens of the ^e. About 
the year 1900 the German zoologist H Spemann tried the 
experiment of destroying the prunordium of the opbc cup, 
m early embryos of the newt, Tnton, by a ca^enzmg 
needle. Although the eye rudiment usually regenerated 
after such an mjury, it remained small and deeply situated, 
not approaching the ectoderm. In these cases no lens was 
form^ In the spring of 1903 'Warren H. Lewis of Balb 
more extended Spemann’s experiment by applying a mudi 
more elaborate form of expemnental surgciy to frog em 
bryos Working with larval tadpoles only a few millimeters 
long, under the microscope, he was able with very fine 
needles to remove the eye mdnnent or to transplant it If the 
opbc cup was removed, no lens was formed. If the ^e re- 
generated after the mjury as it often did, it formed, a lens 
only if it grew large enou^to make contact with the ecto- 
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derm at the proper stage of dcvdopmcnt. If the opbc cup 
was transplant^ to a point under the skin at a distance 
from the region ^erc lens tissue is normally formed, a lens 
was mduced from ectoderm at the new site- In other open 
ments Lewis left the opfac cop m place but removed the 
ectoderm over it and substituted a graft of ectoderm from 
another region, for example the abdomen Again a Icni 
formed from tissue that normally would have provided not 
lens material but abdommal slon In one experiment, ilcin 
from the abdomen of a wood frog tadpole {liana tylvattca) 
was grafted over the optic cup of an embryo of the pickerel 
frog (iZ paJusiris) and was converted mto a lens in spite of 
the difference m species as well as in the site of origin. It is 
clear that m these frogs, normal development of the lens is 
dependent for its start upon some sort of stunulos arumg 
from the optic cup 

Spemann then thought of looking for earher instances of 
this sort of mductaon and soon found that m very early 
amphibian embryos there is a primary organisation cen 
ter, at a pomt wh^ the head and trunk tissue is first formed 
(m techzucal words, the dorsal hp of the blastopore) The 
tissue of this region, if removed and implanted, for instance, 
on the side of the body of another early embryo, will mdace 
the ectoderm of the host to form an extra neural tube, often 
accompanied by somites and other tissues of the head and 
f m iiV region It follows from experiments like this that in 
normal development the primary organisation center calls 
forth the development of the primitive bram and spmsJ 
cord. The optic cup, which forms from the brain, becomes 
m turn an orgamxer of the second rank, ca ll i ng forth the 
lens. There is evidence that the lens itself acts as organiser 
to ehert formation of the cornea from the outer ectoderm of 
the eye region 

A laige number of such mduclion phenomena has been 
discovered by ex p eri ment, hugely upon the tanbryos of am 
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pbibians and birda The subject has engaged the efforts of 
monj’ eipemnenters and has accumulated a vast hterature. 
Some of the rriftia facts are of especial mterest for our pres 
ent discussion One of them is that a given jmdifferentiatcd 
tissue, as for example the ectoderm of the eye region m our 
first example above, can respond to an organizer only dur- 
ing a Inm^ period- It must have reached a certam sl^ge of 
differentiation before it can respond and later its charac- 
ter becomes fixed, so that rt con yield only a more limited 
type of response- The organizer tissues also operate only 
during critical stages, losing at a later time their power to 
induce changes m the indifferent neighboring tissue- Speak 
mg broadly, the earlier organizer centers are general in 
their action, mduemg tissues which are of broad extent and 
importance, such as the neural tube. As the embryos take 
form, the organizers of secondary and tertiarv rank become 
more local and the organs induced are more spea allied I 
have given the merest sketch of a very complex subject and 
it should be added that practically none of the work has 
been earned out as yet on mammola but we may provision 
oily accept the thought that in all vertebrates, including 
man, the development of the animal body from the egg is 
guided by the action of a succession of organizer centers, 
gettmg more and more specialized and more local os thev 
succeed one another until the whole complex system of tis 
suet and organs has differentiated itself out of what was 
once on egg, of very general potency As a crude parallel, 
imagine a httle workshop started by one man of ah around 
talents His first employees Icam the busmess from him and 
os the factory grows they become department heads, each 
orgamxmg his own part of the work until all sorts of spe- 
cialized workers ore developed capable in their turn of de- 
veloping new employees but only m their own narrow fields- 
The action of embryonic organization centers is due to 
chemical substances which they produce and transmit to the 
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naghbonng responme tisroes Many types of induction 
have been ebated experimentally by implanting bits of 
boiled tissue from the orgamxer regions, or by usmg cbcrm- 
cal extracts Readers who wish a detailed analysis of the 
subject will find it m Joseph Needham’s BtochemitiTy and 
Morphogenem (1042) This bncf sketch will perhaps, 
however, suggest what a flood of light the theory of or 
ganizcTB throws upon the prohlera of embryonic defects, by 
ahowmg that anything wluch mterferes with the process of 
organisation at a given pomt wiH necessarily produce much 
the same sort of rnjory 

This is well illustrated by experiments on the production 
of cyclopia, published 1954 to 1937 by H B Adelmann 
of Ck)m^ University ItwiUberecalledfrom |4abovethat 
embryos of aquatic animals havmg one central eye have 
been produced by the action of chemical agents and also by 
physical damage to the head region of the early embryo. 
Adelmann first repeated on salamander eggs the expen- 
ments with dilute soluhons of magnesium and hthium chlo- 
ride, and found that with the microscope he conld locate the 
site of the eorhest damage m a small median porbon of the 
mesoderm near the front of the head This is the anlcnor 
part of the primary orgamicr tissue In later experiments 
Adelmann excised the some tissue from normal embryos ond 
obtamed cyclopia. Thus he showed that both the chemical 
solutions and the surgical injuries of the earher experi- 
menters produced this effect in the same way that is to 
say, by domagmg the or^mier region which guides the 
separation of the optic pnmordia. 

A great many observations on the effects of lethal and 
detrimental genes m mammals indicate that these heredi 
tary agents also produce their injuries by distorbrn g ^ 
orgamicr system Indeed, the action of the genes is bcheved 
to be effected by the production of catalysts, substances 
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which fpeed up chemical reacticpng, or of inhibitory sub- 
fftances, and thus there may be little difference as far as the 
effects on an organuer center are concemed» between the 
action of a deletcnous gene and of a tone solution apphed 
by the eipenmenter It should be remembered also that in 
jury to the reactant tissue (that which responds to the or- 
gamier) wiH cause failure of embryomc growth just os 
much as if the organizer is disturbed, so that the harmful 
agenaes have two targets upon either of which they may act 
m one case or another Thus any given structural defect 
mar be the result either of on hei^tary or of on environ- 
mental cause. Smee the devdopment of any species must be 
guided by a succession of organizing processes, each of 
which 18 subject to disturbance, the possible nbnormahties 
win not occur m random assortment but win tend to fall mto 
classes and types corresponding to the most critical stages 
and regions m development Injunes mflicted early will in 
general produce widespread disturbance of growth those 
affecting the primary organizer, or the early indifferent 
tissues rt organizes, will cause lesions of the central nervous 
system such as spina bifida and onenccpbaly Late mjunes 
tend on the other hand to produce local defects A rcla 
tivcly shght disturbance cither of the environment or of 
gcnic action, attacking the organizer reactor system at a 
critical time, may produce senous disturbance. 

7 

Smee it IS not possible to study the nature of human em- 
bryonic defects by direct crpenmcnl, we are compelled to 
do the best wc can by observation and by comparison with 
the results of eipenmenls on animals From what has been 
said in previous sections of this diapler, there must be a 
whole senes of possible causes Let us draw up the list un 
like Ambroisc Par^, I shall not begm with the name of God 
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nor end vnth the Devil, for sacncc hoa learned in the past 
400 years that the forces of good and evil m this world Ute 
effect through natural causes 

Defect* of fertfllnOon 1 IrregolM frrtnintkw 

B Defect* of tlie matenud enrlroo- 3. Faulty trantportaticn 

“eot 8. FalJnre of the hfinuooc lyiteBi 

4 . Medianlca] dlsonler of tbe 
Dtcna 

C InfcctloQ of tbe reprodoetirt 
tract 

0 InfecUoQ* iti*e*«e of tbe eto* 
bryo 

T Tocddty aad 

8. KatrlUcnal defect of tbe ater- 
l&e eoTtrauacot 

C. Defect* of tbe egg, tbe tperm 9. Gcoetlc defect* 

edi, aod tbe embryo 10. Koogtsctle coaatlhtttaul de* 

ted* 

1 Irrc^lar fcrtiliratioa may well occount for the ctra 
dibon of those ova which do not segment at all or which die 
after a few cell divisions It has been suggested that m 
mammals the egg may occasionally be fcrtiliied by more 
than one sperm cell and thus be rendered mcapablo of nor- 
mal Bt^mentation Such an irrcgulnnty boa often been *«n 
in aquatic eggs Among a score of recently fertiliicd eggs 
of the sow vTuch I once sectioned I found two instances of 
double fertilisation Par6 would claim this as a case of “cx 
cess of the seed ” 

2 It 18 conceivable tliat the mcclianiim for transporting 
the egg from the ovary to the uterus may at times fail m 
such Q way as to delay the arrival of the fcrtihxed egg at its 
proper destination, the utenne cavity This would amoont 
to givmg it a temporary unfavorable environment and the 
case would really be clossidablc under 7 or 8, below In hu 
man tubal pregnancy the fcrtilircd egg is retained m tnc 
oviduct (Fallopian tube) and altliough it is able to develop 
at first, somobmea for several weeks, it stretebes or rupture* 
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the tube and «) bnnga on an acute tennmation The fre- 
quency pf abnormah^ m each embryos is very high nodu- 
lar embryos, apma bifida and other senous defects are fre- 
quent This seems to be a clear case of defectiTeness due to 
faulty environinent We do not know, by the way, the cause 
of tubal pregnancy no mvesbgator has succeeded m re- 
producing the condition m annuals. 

3 Failure of the hormone system, and m particular of 

the corpus luteum, which nonnalty takes a great part m 
producing a suitable environment for the embryo, has been 
shown by direct experiment m animals to be a cause of early 
embryonic death It could hardly lead to defective growth 
of the hvmg embryo except by the rare occurrence of a 
transitory partial hormone failnre at a cnbcal tune m the 
hfe of the embryo As far as human gestataon is concerned, 
foilare of the hormone mechanism controDing the uterus re- 
mains a hypothetical possibili^ m the causation of dis 
turbances of the embryo ^ 

4 Mechamcal disorder of the uterus is seen m women 
with malposition, deformity, or tumors of the uterus, givmg 
msuiRcient space for development of the embryo Par^ 
would have called it “straitnesae of the womb ” The usual 
result, if an embryo succeeds m getting itself implanted, u 
expulsion at the second or third month An embryo develop- 
ing under such unfavorable condibons with r^fj^ to space 
15 likely, as m tubal pregnaniy, to become anatomically 
abnormal because of poor condibons which affect ibi 
growth. 

6 Infecbon of the uterus with disease germs can cer 
tamly make trouble for the embryo, but as with the two 
previous categories, is more likdy to cause outright de- 
strucfaon than structural abnonnahty It would be rare to 
have inflammatory disease sufficient^ mTTfl to permit fer 
tflixabon and implantabon, and yet senous enough to dis- 
turb the health of the embryo. Thu u the cause ^Sich MaH 
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put first m hia thmkmg, but it is now regarded as almost 
negligible as a cause of embrjomc abnormality and moa- 
str os ity It IS of course a relabvely frequent cause of total 
failure of reproduction, i e., sterility, by preventing fer 
tiligafaon and nnplantabom 

6 Theideatbatthecarly embryo may suffer damage by 
acute infection with disease germs is a novel one. It n well 
known that some lands of midooigamsms pais through the 
placenta and mvade the fetus The most nnportant instance 
IS that of syphilis, wbicb is one of the most senons causes 
of abortion or premature labor Tbe organisms of this dis- 
ease produce damage of the placenta, iropairmg tbe nutn 
bon of the fetus, frequently causmg its death. In case the 
fetus survives, the disease produces serious lesions of the 
ikm and internal organs of the infant This, however, is a 
disease rather than a state of embryonic abnonnahty of the 
sort under discussion m this chapter The same statement 
applies to smallpox of the fetus, when the mother has the 
disease during pr^nancy and transmits it through the pla 
ceuta — a rare but well-authenbcated occurrence. In a nmn- 
ber of instances of other diseases attackmg pregnant 
women, the germs have been found m the bssues of the in- 
fant, without obviously harmful effect. In view of tbe ex 
traordmary story I have to tell next, it is of great mterest 
to know that experiments with rabbits and gumea pigs have 
demonstrated that the exceedingly small mfecbooi parfades 
of anumber of the so-<»Iled virus diseases can pass through 
the placenta mto the embryo 

In 1941 the Austrahan ophthalmologist, N M. Greggi 
report a senes of cases of congenital cataract occumug 
m babies bom between December, 1939, and January, 1941 
With few excepbons the mothers of these infants had suf 
fcred during the early stages of pregnancy from a diseaM 
whichhad been epidemic in South Australia at the time, and 
which was considered to be a sLgbtly atypical form of ro* 
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bellfl (“German measles”) Dr Gregg could not escape the 
thought that the mothers* illnesses had in some way been 
responsible for the damaged ^es of the babies Following 
the announcement of these circumstances, the medical pro- 
fession of South Australia orgamxed itself under the Na- 
tional Health and Medical Research Council for a sys 
temabc mvestigation directed by Dr Charles Swan of 
Adelaide. The results of this study, published m Septem 
her, 19^, confirmed Gregg’s hypothesu by showing that 
twenty five pabenta who had contracted rubella during the 
first two months of pre^oncy all without eiccpfaon later 
had infants with congenital abnormahbes either of the eyes 
or of other organs. Four out of eight pabents who con 
tracted the disease m the third month of pregnancy had 
congenitally defecbve children When the mother’s illness 
occurred after the third month, the infant was not harmed 

The various lesions observed m these babies were con 
genital cataract, sometimes with microphthalmos (reduced 
sue of the eye) deaf mabsm defects of the heart and 
microcephaly (abnormally small head and bram) In aU 
probability, the mfeebous agent of the disease, which is be- 
lieved to be n filterable virus, passes through the placenta 
and affects the orgonirmg tissues of bram, eye, ear, and 
heart 

Because any such association of embryonic defects with 
German measles had never been thought of before, the Aus 
tmlian physicinns were inclmed to think that the virus re- 
sponsible for this recent epidemic and subsequent sporadic 
cases may have undergone some nltcrabon of virulence or 
other biological change, thus newly acquiring its dreadful 
power to harm the mfant 

It appears, however, that the some circumstances are oc- 
curring m the United States. Dr Frank B Walsh of the 
Wilmcr Ophthalmological Cbnic of Johns Hopkins Hos 
pital, to whom I am indebted for calhng my nttenbon to 
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the Auatrahan reports, has been guick^ to foIloTr up tha 
matter He and his colleague* of the Children’s Clinic, Dr 
Helen B Taussig and Dr Hornet Guild, have already col- 
lected several exactly similar cases which originated m Bal- 
tunore- In the course of their mquincs. Dr Walsh sent re- 
prmts of the Australian paper to a medical colleague m the 
Wilmer Clmic, who recounted the remarkable fact that one 
of his patients hod recently had the misfortune to bear a 
child with congenital cataract* after havmg rubella durmg 
pregnancy knowmg of two similar case* among her own 
acqnamtance*, she had amved at the same expluiabon ai 
had the medical men on the other side of the world- 

In all these Amencon cases, like those m Austraha, the 
damage was produced by attacks of rubella during the first 
two or three months of pregnancy It seems certam that m 
the later months no harm to the mfant occurs A good deal 
of further study will be required before we can know 
whether this tragic sequel of German measles is a constant 
effect under the circumstances, or merely something whidi 
happens to be occurring at the present tune as the result of 
a t^porary change m the virus of nibeDa, like those which 
make scarlet fever and mfiuenza, for example, more dan- 
gerous one year than another The Australian mvcshgaton 
naturally for the rcdoublmg of efforts m the laboratory 
to produce a protective inoculation against the virus of 

rubella but this u not something that can certainly be done 

soon Meanwhile, pendmg exact knowledge as to the con- 
stancy of the danger, any doctor confront^ with a case of 
this disease in early pregnancy may be called upon to con 
Bider tennmatmg the pregnancy, and thus will face a prob- 
lem m law, theology, and medic^ judgment to which a fully 
mforraed answer cannot yet be given. 

7 When I first made a list LTie this, m 1923, in connet^ 
bon with the problem of prenatal defects in the pig, I 
that toxiaty of the environment m which the onbryo de- 
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velops, ffuffiaent to produce disturbAUces of the mammahan 
embryo comparable to those which the experimenters have 
made m aquafac eggs (§4 above), was purely hypothcfacal 
as far as mammals were concerned Some writers had sup- 
posed that m mammals there may be chemical torms, reac- 
tions of immumty defecfave oxygenation m the reproduc- 
tive tract, or other similar causes of harm to the embryo m 
ulero but no such case had been proved. In recent years, 
however a previously unsuspected cause of disease of the 
unborn human infant, mvolnng an immunity reacbon, has 
been discovered. The problem has been analyzed chiefly by 
Phihp Levme of Jsew York, bacteriologist of the Newark 
(N J ) Beth Israel Hospital. What is said here comes 
from Dr Levine s articles Everyone is famihar with the 
fact that the animal body reacts agauist errtam foreign 
materials belonging to the class of proteins, if they get mto 
the blood or tissues, by forming diermcal substances (“im- 
mune bodies”) which act defensively against the intrusive 
matcnala by altering their cbenuc^ or physical nature. 
Thus the toxm produced by the germs of diphthena causes 
the body to make on antitoxin which combmes with the 
toxin, forming a harmless compound. Red blood rglls from 
a given species introduced mto an unimfll of another species 
similarly ehcit the produebon of immune substances which 
cause the foreign blood cells to become clumped or “ag 
glubnated ” The human species, as has been known for 
years, is divided mto groups charactenred by the presence 
of substances m the blood cells which call out iramumty re- 
acbons if the blood is used m transfusions, clumping the 
cdls and clogging the capillary vessels tius is why prospec- 
bve donors of whole blood must be “typed,” ne tested to 
see which group they belong to before their blood can be 
used for a given pabenb 

In 1940 the celebrated immunologist of the Rockefeller 
Institute, Karl Landstemer published with his associate. 
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A. S Wiener, the cunoos discovery that if a rabbit is m 
jected with the blood of a rhesns monkey, its blood m tuin 
develops an unmone substance which will agghitmate not 
only the monkey’s blood but also that of about 85% of bn 
mans. Thus there must be m human blood a substance which 
IB also present m the monkey for convenience the mvesti- 
gators called it “Rh” (from rhems) The Rh factor is m- 
bented as a Mendelian dommant gene, and there are three 
classes of people, namely those who mhented the Rh from 
both parents, those who inherited it from only one, and 
those who do not have it at alb Wiener and Peters soon 
showed that human pabents lacking the Rh factor (thgr 
are designated as Rh— ), if given repeated transfosions of 
Rh-f- blood, develop aggluhnabng substances against the 
Rh-i- cells. 

In the same year m which these facts were announced, 
Levme and his coworkers Kattin and Burnham by a brih 
hant piece of deteefave work traced the ongm of a senous 
disease of late fetuses and newborn children, called nytHrch 
hlasiosu to the Rh factor liCvme and Stetson had pub- 
lished m 1939 the case of a woman who bore a ftillbom 
fetus, and who was madentaDy found to have m her blood 
an immune substance (a^lutmin), of a previously un- 
known type, against the blood of her husband, *o that a 
transfusion with his blood during her obstetneal illiiess 
caused a typical reacbon with chills and pains Reasoning 
about this case, they proposed the idea that the infant mint 
have inherited the immunixmg factor from its father and 
then m some way nnmumxed its mother with it. As was sub- 
leqnently demonstrated, the substance m quesbon was ac- 
tually the Rh factor, and therefore this woman was the first 
human bemg m whom it was detected, even though at the 
tune of her illness the name had not yet been mtroduced. 
Proceedmg from this start, they found that the child of a 
Rli — mother by a Rh-f- father (which is always Bh-f-, the 
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factor bemg dominant ra mhentance) does mdeed some- 
times immumxe its mother against Rh-i- blood cells The 
English mvestigatorF Stratton has recently reported find 
mg the blood of a 48 mm embryo, approximately 11 creeks 
old, positive for Rh- It is supposed that a few fetal blood 
or particles of red-ceH substance may shp through the 
placenta into the mother’s blood stream, giving her, so to 
speak, a minute but possibly more or less contmuous tmns 
fusion When her blood has formed a sufficient amount of 
anb Rh immune substance, this passes back through the 
placenta to the child’s blood as stated m Chapter I, §8, it 
has long been known that certain immune substances read 
fly pass the placental barrier The child is now receiving a 
substance which damages its blood ceDs, and it develops 
senous and mdeed often fatal disturbances of its blood 
forming organs Frequently, however, one or two pregnon 
acs are required to build up dangerous amounts of anb Rh 
substance in the mother’s blood, and thus only the later 
pregnanacs will be affected This u no mere teclimcal play 
thing of the laboratory it is the cause of a dead baby m 
about 1 out of ever} SCO debrcncs, and is probablv respon 
lible alio for a certam number of early fetal deaths termi 
Dating m miscarriage. When the father is homozvgous for 
Rh (lc., he inherited the factor from both parents, so that 
all hjs sperm colls cony it) the chance of trouble after the 
first prcguoncT or two becomes very great. For unknown 
reasons, however, the disease does not occur m every family 
m which the genebc combination is appropriate for iL 
A distressing fact about eiylhrobl^osu is that the of 
fected infants are m no wise originally defccbve The Rh-f- 
mfant remains normal if its mother is Rh-f- The parents 
of an embryo that is lost by spontaneous abortion are often, 
and legibmately, consoled by the physiaon with the 
Ihoaghl that this was m all probabflity the end of a life al 
ready marred by gcnic insufficiency or by some accident of 
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development but not even such cold comfort as that am be 
offered the mother of an erythroblastofac child, who 
herself unable to bear her own offsprmg unharaed The 
only hope hes m the development of the science of imnra 
nology to the pomt where these tragedies can be rehablj 
predicted and protecbon afforded by treatmenL As usual 
when a discovery of this sort is mad^ many facts prcnousfy 
obscure become intelLgible, and there are hmts of other 
immune reacfaons harmful to the fetus, mvolnug other 
blood-group factors. The whole subject is now under very 
active investigabon. 

From the theoretical standpomt, fetal erythroblastosii 
IB a striking example of damage to the child m utero by 
an unfavorable environment. Because, however, the child 
causes iti mother to be harmful to it by reason of its own 
mhentance of the Hh factor, the ntnation can alio be as* 
cribed indirectly to heredity 

7a. One of the ways of subjecting embryos to an abnor- 
mal environment, us^ by those who make experiments upon 
aquatic cgg%, is radiabon with X rays and radium. These 
physical agenaes are also of course used for treatment of 
hurnan disease, and once m a while a pregnant woman is 
radiated. There is at least a theorebc^ possibili^ that a 
large dose of radiabon, striknig an eairly embryo m utero, 
might produce embryonic defects. Some expemnental cn- 
dence for this possibihty has been brought out by the ex 

penmentsofH J Bag^ on mice, but the actual occurrence 
of such harm to human infants has not, m my opmion, been 
convmcmgly proved, 

8 Specific nntnbonal defiaenaes actmg upon the in- 
fant m utero remain a more or less hypothebcal cause of 
embryomc death and defect- Very geneiul and severe meta 
bohe upsets, doe for example to starvabon or to severe 
thyroid disease, can of course terminate the pregnancy, but 
the embryo is well protected agamst minor disturbance* of 
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nutntion by the conditioned chemical adjnstments of the 
mother’s body I*ack of calmum in the maternal diet may 
show itself m calcium deficiency of the child’s bones and 
tppth. In laboratory animals pregnancies can be termmated 
by deficiency of Vitamin E Josef Warhnny and colleagues, 
of Cmcmnati, report the occurrence of severe steletal de- 
formities m the offspring of pregnant rats fed on a diet de- 
fiaent m certain respects To tlie best of my knowledge, 
however, specific nutritional defiacncies are not a common 
cause of anatomical abnormalibcs of hnman embryos and 
probably not of prenatal death- 

9 frequent occurrence in humans of defects due di 
rectly to genetic factors, i e., lethal and detrimental genes, 
cannot be doubted after the dear demonstration of their 
existence m animals, os recounted m 5® above They arc 
difficult to analyte by the methods of genetics because of 
the slow generaboDs and small size of human famihes. An 
argument sometimes arises as to wbch side of the familr 
contributed the baby’s big feet or recedmg chin there is no 
use mdulging m any such debate over the obscure detn 
mental genes which operate agamst certain embryos It will 
be a very long tune before enough is known about human 
heredity to enable a prediction of unfavorable human 
crosses, except m a few obvious coses We have no idea how 
many nnseen lethal factors are being earned m the human 
race, domg no harm until an unfortunate mating gives them 
a chance to act. I hasten to remark once more, lest the 
gloomier aspects of the subject unduly depress prospective 
parents among my readers, that after all we are talkmg 
about a mmonty of cases A great many perfect babies ore 
bemg bom every day* If by any chance these pages arc 
read by an eipedant mother let her consider that once un 
plantation is well estabhshod the odds are overwhelmmgly 
m favor of a normal delivery and a healthy baby 

10 The list concludes with on item which is tentative 
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and somewiiat ragne. I thinV it possible that there are same- 
fames consfatafaonal flaws in the egg or the spcmi or m 

the embryo as it grows, which are neither inherited nor in- 
flicted from outside. In anythmg so complicated as the de- 
velopment of an animal there must be countless opportnm- 
faes for small steps to go wrong, not because of a downn^ 
bad environment, nor because an essential gene u missing 
or misbehavmg, but snnply because somethmg just doesn’t 
chck at the right fame. Sn<h an acadcnt of development, if 
too great to be healed by the processes of growth, would set 
up a sporadic, nomnhented consfatufaonal defect. One well 
known example that cannot at pre se nt be classified m any 
other way is the so-called Mongolian defiaency, diaracter 
ned mental retardation, with slantmg ^es and usually 
with anatomical defects of the heart- Children so affected are 


often the first or the last m an otherwise healthy family 
there is no clear evidence of heredify and no known mater 
nal condifacm to winch the defect can be ascribed. 

The theoretical difficulty in setting up a class of non- 
genefac consfatufaonal defe^ is that wc do not know how to 
draw the Ime between these, if tb^ exist, and disturbances 
due to faul^ environment or to genic deficiency Thean- 

remment provided by the mother’s body is always of course 
flnetnafang sbghtlv in spite of aD the regulatory devices of 
nature to keep it uniform we do not yet know, for in- 
stance, whetber a day of high fever or some tone state af 
fectmg the early embryo at some very cnfacal moment m 
growth might not npset the process of organization- An 
other difficulty is Olastrated by I*. C. Dunn’s analysis of a 
strain of rats m his colony which camo a factor p^nang 
shortness of the tail. The defect, though positively known 
to be hereditary, shows itself only sporadically Breeding 
e xperim ents suggest that the beredrtary factor merely pro- 
duces a certain sensitiveness, so to speak, of the process of 
organizmg the ^htI region, so that minor variations of en 
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TiromnentAl condihons such (conjectumHy) as the moth- 
er's temperature or metabobc state can affect the tail if they 
happen to occur at the right fame. Ahnonnahbes of man, 
produced by a gene of this type, might entirely escape being 
recogniied as hereditary 

In summary, the problem of embryonic defect and death 
m the human species is much more comphcated than was 
formerly suppos^ It is clear that in man, as in other am 
mals, genetic and consfatufaonnl factors are operative m 
some cases, disturbances of the maternal environment m 
others, m the production of prenatal damage and loss 

8 

The mvcstigation of disease by the physiaan-saenfast is 
necessarily on impersonal affair, for judgment must be un- 
hampered bv the heartstrings and vet when aD has been 
said that pr esen t knowledge permits about congenital ab- 
normahbes and prenatal death, one is sadly aware that 
many of these domesbc frustrabons we have tried so hard 
to understand are abended by bitter disappointment and a 
woman’s tears and also that for the devout of Holy Church 
every death of on unborn infant imphcs eternal nonfulfiH 
ment of one more souL I do not forget the child for whose 
salvabon I fought, a herebc beside the faithful, long ago m 
the hospital of Saint Agnes. His father was waibn^ m the 
»nrgcry corridor I have no idea what the Sister said when 
•he broke the news that both wife and mfont were dead Let 
us hope she extended the consolabons of rehgion without the 
technicahbes, and did not think it needful to remmd him 
that hii little son had died unbaptued. She was a landly 
woman if she is hving now, and remembers that particular 
baby, no doubt she imagines hnn os one of a throng of cher- 
ubs- — or shall we say demi-chcrubs ? — ^wingless and un 
halo’d, playing in a green field outside the gates of heaven 
not in torment, not even unhappy, but certomly very wist 
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ful because he is not permitted to walk hand m hand with ha 
mother before the Throne of Grace. Had they bred, he 
would now be 82 years old He could have attended the Semi- 
nary, and might ultimately have become an archbishop A 
few mmutes would have made all the difference. 

As a matter of fact, his brief history is not, m its medical 
aspect, a very good iHustration of thiw chapter, for the rare 
mtra uterme accident that ended his earthly career u one 
of those we still do not m the least understand there u no 
reason to thmk it hereditary and no proof that it has an 
enviromncntal cause but to me he will always repre se nt the 
whole host of those who die before they are bom, whether as 
^gs, as embryos, or as infants almost npe for birth. To 
each of these, according to a dogma set forth by the Falben, 
and poignantly cherished before most of the altars of Chns- 
tendom, at the moment of conception an immortal sonl a 
given but if the smaB body is too frail to tarry its burden 
until the tune for baptism, it must rclmguish it to eternal 
doom. Some theologians hai^ thought, indeed, that lost 
sonls of this class are condemned, like those of unshnven 
malefactors, to the extremest pains of hell, but St, Tbomai 
Aqumas (as I have already mentioned) declares that thor 
poialty is no more than perpetual erclusion from the sight 
of God. St. Augustine, and long after him the Calnniits, 
explained away the seemmg injustice of such punishment of 
■mils that never had a chance, by pomtmg out that we are 
aH so steeped in ongmal sm that no soul could reasonshly 
hope to escape we can only be thankful for the mercy by 
i^ch some are spared. 

The views of an embryologist on this subject may not be 
tmanunonsly acceptable. It will be said that there are more 
thin gs m heaven and earth than ran be seen with a micn> 
scope. But I have been called to the rostram and I ehall 
state my opmion The embryologist is keenly await who 
could know it better?- — that the egg is endowed with the 
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marvelous gilt of life, but he sees this os a general property 
of organic creatures and he would never have conceived the 
idea that an immaterial self-conscious existence, deshned to 
endless bliss in heaven or the torments of the pit, is entrusted 
to the uncertain custody of the human egg One human be- 
mg survives a hundred years, another dies wh3e still an in 
dividual cell If it were true that every embryo is bearer 
from the first of an immortal soul, there could indeed be no 
escape from the doctrme of predestined damnation, for (as 
we have seen) a third, periiaps even a half, of oil human 
embryos cease to hvc, many of them destroyed by predeter 
mmed factors, before thev become accessible to baptism or 
whatever ntual observance may be thought to sway the bal 
ance of heaven and helL Loofang through the microscope at 
the physical structure of embryonic man, I see no heaven 
bound cbanot of the soul, but only a frafl congenes of am 
mal eglU, fraught indeed with promise beyond all other 
embryonic creatures but of necessity bound to grow and to 
organue itself os an animal if it is to be a man Merdv to 
watch that infinitesimal bit of hvmg tissue acquire the bod 
3v configuration of a human bemg is a great and marvelous 
pnvil^e as Eng David sang at Jemsalcm when he was 
meditating upon this some subject, "Such knowledge is too 
wonderful for me, it is high, I cannot attam unto it.” How 
then shall I speak of the spirit? but humblv emploving such 
vision as may be granted to on cmbrvologist, I declare my 
conviction that the spirit of man — qH that makes him more 
than a beast and carries him onward with hope and sacrifice 
— comes not as a highborn tenant from afar but as a latent 
potentiality of the body It too is received as a germ, an op- 
portunity somethmg to develop The spirit, with the body, 
must grow and differentiate orgamrmg its inner self as it 
grows, strengthening itself by contact with the world, win 
nmg its title to glory by stru^le and achievement. 

Regardless however of differmg concepts of the soul, it is 
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true that to a certain extent the fate of the embryo is fore- 
ordained* Every mdividual carries with hrm from the fer 
tflited egg a set of genes that guide and limit the roo nr ea 
he can set against his environment. An embryo that doubly 
mhents a lethal gene u absolutely predestmed to bnef and 
fruitless life and others, even though they happen not to 
suffer by mhentance, become the victims of a statistical if 
not an absolute foreordmation, for some ore sure to be 
stricken m utero by one land of mischance or another The 
study of prenatal defects, while abolishing supersbbon, has 
thus extended the known range of natural mortality and 
deepened the nddle of fate but does it not strengths the 
caTI of duty and aapirafaon? Those of us who survive are 
truly the elect, chosen from a larger multitude. In this fact 
we may take a melancholy pnde, hTte soldiers who close the 
ranks and march on when their companions fall* Let us 
make all we can of this bfe, wc are fewer than we thought 
When he who ponders these things cnes that aH flesh u 
grass, science joins with faith, replying Make green, then, 
m thy season, the place wherem thon growesL 
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THE GENERAEITY AND THE 
PABTICULABITY OE HAN 

I uid In mtnw benrt concerohif the cftate of the tons of men tbtt they 
might tee that they tbemtelres ere beests. 

Tbon best made tibt» » Uttle lower than the angels, and hast erowoed him 
wftb gtoiy utd bonoor 

1 

I ONCE had a calleT at roy laboratory who spent an 
afternoon trymg to demonstrate that the bnmon race 
18 the result of a cross, sometnne m the dim past, be- 
tween an angel and an anthropoid ape. This hypothesis, 
which bobs up repeatedly m visionary minds, re^ upon a 
well'crtablished and on the whole valuable trait of human 
nature, self-esteem It has been oD too clear, at every stage 
of history, that man is a beast, whether or not he ahw) con 
tains a dash of the angehc. Yet we are not wilhng to admit 
it. Every argument that poetry, religion, the intellect, or 
mere racial pnde can supply is used to bolster our self 
asserted distmctivcness among living creatures. A man wiU 
work and pray and if necessary die for ideals which imply 
the claim of speaal rank for his own kind. Even those men 
of BOence who have tried without prejudice to determme the 
place of man m organic nature have most of them felt a cer- 
tam restramt in classifying him as on animal. 

Sacnfafic thought on this subject b^an with the idea 
that man is a highly superior creature who happens to pre- 
sent certain resemblances to the animals it has only very 
•lowly proceeded to the new that he is an animal who hap- 
pens to possess certain special abdihes. Anstotle, for ex 
ample, m his Hutory of AntmaU placed man by himself 
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m an exclusive daa* of living tlunga Hedmdedtheanimali 
somewhat vaguely mto those which ore bloodless (or as tc 
should now say, the invertebrates), those which have blood 
(the vertebraia) , and mam He said that the principal g® 
era having blood are man, the viviparous quadrupeds, ovipa 
rous quadrupeds, birds, and fishes. Man’s spmsJ poren 
of thought and oebon, however, seem to separate him too 
widely from the four footed animals to permit mcladmg 
him with them m one class Some anunols, be thought, share 
the properties of both man and the quadrupeds these are 
the monheya and baboons 

The view that man occupies a special position in nature 
fits in with on idea about the relabonship of hvmg thing* 
wduch w&s imphcrt m Aristotle’s writin gs and which mflo 


enced the thought of roologists until the llHh century In 
deed, it sbll underlies a go^ deal of casual thinbpg about 
the relative place of man and the animals. This u the con- 
cept that all ammals and plants, m fact all natural objects, 
inorganic as well as organic, are arranged in a smgle sene* 
or scale of ascending rank, with man at the top Such a view 
as this about the human species was weD suited to the phi 
losophy of the hLddle Ag® and the Renaissance, when the 
supreme value which Christianity set upon man’s irmnorttl 
soul stren^hened the tendency to regard him a* a very di^ 
tmetive land of bemg, occupying the chief place m earth * 
hierarchy ‘‘Mon, the most excellent and noble creature of 
the world,” says Robert Burton in the Anatomy of MAm 
choly “the pnncrpal and mighty work of God, wonder of 
nature audacu natural miraoulum themarvelof mar 
vels the abridgement and epitome of the world 
sovereign lord of the earth, sole commander and governor 
of all the creatures m it far surpassing aH the rest, 


not m body only, but in souL” 

Such a rhapsody, and indeed the whole proud assumption 
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that man is different to an nnmeiwiiTable degree from other 
ammals, might have been less confident, and the battle be- 
bvecn science and orthodoxy over the question might have 
began for earlier than the 19lh century, if man had known 
anything about his higher simian relatives Had the chim- 
paniee or gorilla been available for anatomical comparison, 
mantmd would not have seemed so far m advance of his 
fellow creatures Until the 17th century there were only 
vague stones about man like m distant Afnca and 

Asia- The first of the great apes known to have been brought 
alive to Europe was a clumpanxee descnTied m 1641 by 
Nldiolas Tulp, the Dutch anatomist who is the leading fi^ 
ure m Rembrandt’s pgmting “The Anatomy Lesson ” The 
earhest recorded dissection of a great ape was reported m 
a remarkably accurate and sensible work by Edward Ty 
ion, published by the Royal Soaety of London in 1699 
Tyion made his opinion perfcctlv clear that the body of 
tius annnal — he too was studying, like Tulp, a voung cbnu- 
pamee — resembled that of man far more closely, as he said, 
“than any of the ape kind, or any other animal m the world, 
that I know of ” Evidentlv, then, man has closer relatives m 
the anatomical scale than had been realued before a fact 
which thenceforth had to be taken account of by those who 
undertook the classification of ammals Th^ophile Bonnet, 
for example, an mdoshioas Froich naturalist of the 18th 
century, published a detailed labolalion of the Scale of Be- 
ings, begmiung with Fire, Air, and Water through the 
ascending ranks of sulphurs, metals, stones corals, molds, 
lichens, plants, the vanoos inveiidirBle and vertebrate am 
mall, upward to the quadrupeds, monkeys chnnpanzee, and 
man- All that such a list requires to make it reach from the 
lowest to the Highest, is to add the celestial hierarchy of 
augels, archangels, powers, and pnnapahbes Man may 
thus be considered either the highest of beasts or the lowest 
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of the heavenly hosts, an arrangement which pcnmtj him 
to be dealt with by both biology and eschatology without 
conflict. 

The idea of the Scale of Bangs broke down, however, with 
the Wider exploration of nature. As the naturalists buill up 
an even larger list of speaes, it became absurd to try to rani 
them m serial order Who shAfl say whether the fox is higher 
than the wolf, or a sparrow than a robin? After the ap- 
pearance m 1786 of Lmn^s Sytiem of Nature the saence 
of claaaiflcabon was revolutionixed. The scalar arrangement 
gave way to the newer and more manageable method of clas- 
nficabon by classes, orders, and families, Linn6 hmself 
never saw one of the great apes, but Tyson^s monograph 
had made it necessary for him to find a place for the chim- 
panzee which should not be very for from man, on one 
hand, or the monkeys on the other He therefore defined 
seven orders of mammals, one of which he called' the 
Prmurteti comprising man, the apes and monkeys, the le* 
murs, and the bats His reasons for grouping the bats lo 
closely with the others need not concern us here, they were 
not vahd, and later zoologists placed these creatures m a 
special order, the Chiroptcra. Whether or not the lemon 
are enough like the apes and monkeys to be placed m the 
same order with them is atill actively debated It is a ques- 
tion on which the embryologists have somethmg to say and 
we shall return to it lat^ 

Not aH the competent zoologists after Luid6 were willing 
to follow hiB bold consideration of man as a member of the 
same order of mammals os the apes and monkeys Johann 
Fnednch Blumenbach, the founder of physical anthropol 
ogy, m his claasificafaon of 1779 placed man m a separate 
order which in a later work he colled Bwiono, two-handed, 
m contrast to the other apes and monkeys, the Quadru 
manoj four handed Thomas Pennant, a go^ English natu- 

1, In tbe lOtb tod Uter cdllloo, 1TS8 ff 
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ralist, m 1781 -wrote, reject Lmii6’i first dmsion, -which 
he Primate* or Chiefs of Creation because my vanity 
will not suffer me to rank mankind -with Apes, Monk^f^ 
Maucaucos and Bats, the companions Lumaeos has allotted 
us even m hia last system ” Baron Cuvier’s great Rhgne Ant 
fliol of 1817 still maintained Blumcnbach’s special Order of 
Bunano, occupied solely by man in all his pnde. 

All this may seem a merely technical question, but the 
British American public of mid Victorian days did not 
think so The outburst of an open controversy, about the 
year I860, on the loological position of man was surely one 
of the great tummg points of human thought. My readers 
are all familiar with this episode and in particular with the 
part played m it by Thomas Henry Huxley By t he time 
Huxley had finished his debates with Bishop Wilbcrforce 
and Professor Owen the attitude of every educated person 
respecting our place m nature was permanently affected. 
No philosophy of hfe, no system of ethics could any longer 
neglect the animal nature of man Three circumstances 
brought the question to a head One was the progress of 
geographic explorafaon, through which knowledge of the 
great apes came flooding mto Uie roological gardens, mu 
seums, and dissecting rooms of Europe and Amenca. Trav 
elers m eastern Asia and Africa sent home specimens of the 
chimponxec, gorilla, and onmg utan Richard Owen, the 
great corapa^atl^e anatomist at the Hoyal College of Sur- 
geons of I^ndon and afterward at the British hluseum wo* 
thus enabled to give a comprehensive description of the 
skeletons of the chimpanzee and orang utan m 1835 An 
American medical missionary, Tliomas S Savage, collected 
skeletons of the gorilla m 18-17 from which Jeffnes Wy 
man of Harvard worked out the osteology of that species 
The gibbons, smallest of the man like apes, and known m 
the 17th century onl) from one speciraen described bv 
Buffon, were also mode the subjects of anatomical invcsti 
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gation Thai it became well understood that there are fire 
genera of anthropoid apes, forming a group clearlj dutm- 
guwhnble from the monkeys, and m some choroctcrutici 
more LTce man 


Another factor was the discovery of remains of foss3 
men, especially the sensational find at Neanderthal m 1857, 
which proved the existence in prehistoric tnnes of a nor 
extinct species of man of coarBcr build and lower brow than 
modem man. Thus it appeared that the gap between man 
and the monkeys was bemg fiDcd from both ends. 

The third reason for the sudden importance of the qaei 
tion of man’s zoological posibon was the announcement by 
Darwin and Wollace m 1858 of the theory of evolution 
natural selection Mere anatomical facts, or even the dis- 
covery of fosaU man, might have attracted httlc immediate 
attention outside the laboratories and museums, but the 
publication of Darwin’s Ongm of Spcei£t made a public 
furore. Its impUcabon that the human species is dcicetided 
from an ape-Uke ancestor was attacked on grounds both of 
religion and of science. Some conservatively minded onsto- 
mists came to the front with observations that seemed to 


prove wide differences between the anatomy of man and that 
of tlic great apes Richard Owen in particular hod long 
since described supposedly fundamental divergencies be- 
tween the skulls and brains of man and of the great apes, 
thus apparently confirming the classification of his teacher 
Cuvier, by which man was set apart os the only speoei and 
genus of the Order Bmiana. This anatomical observation, 
now brought forward in opposition to the Darwinian hy 
potbcsis, was answered fully and devastatingly by Huxleji 
togctlier With other arguments, m Man t Placs tn Natan 
(18(>3), one of the masterpieces of scientific exposition ra 
Enghsli, in which he showed that in many anatomical fea 
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tures the differences between man and the great apes are 
actnally less than those enstmg between these apes and the 
monhejs. 

In spite of aH that he did to emphasize the distinctive 
features of the great apes* as contrasted with the monkeys, 
Hailey did not set them up m his classification as a separate 
suborder or even as a separate family In his Anatomy of 
YertehraUd Anmalx (1872) he ranked the pnmates os 
shown below It will be seen that he gave roan much the same 
relatively distinctive position as had Lmn6. 

Order Suborder PunHj Sabfunllj’ 


RDuna 


Tjcanoi&Ac 

(lennin) 


Arrtopitbednl 

(ciunQotets) 

PUtjrrbiol 

(b ew TVodd meolrer*) 


Ckturbliil 

(Old World farms) 


Aatbropldu 

(mui) 


CTDomorpha 
(Old World 
maTobcTi) 

Aalbropo m orph* 

(■stbropotd 

■pa) 


It remained for Sir WDhom Henry Flower to grant 
(1883) full recogmbon to the anthropoid apes os a group 
•0 nnular to one another, and so different from the mon- 
keys, that they must be placed on the same level of classifica 
tion with the Old "World monkeys. Thus as increasing m 

*■ For the ukc of cl*rtty the term oatlropoCd apti b nsed la this 
Dock to lodade the (ribbon, ilcmeng omg-ntma, gorllle, chlmpAmeei 
frt*i mpf$ tocuii 0017 the Ust three. 



180 OimaELvsfl Unboen 

formation harbecn obtamed obout the pnrnatet, the anito- 
mists have gradually elevated the anthropoid apes to a 
higher level of classification, at the same time rankmg the 
human species more and more mtimately with the other am 
mals of similar type. In Aristotle’s time man was set apart 
from all the other vertebrates. lann^ mcluded him with 
them and grouped him with the primates, but m a separate 
suborder os we should now say, Huiley set forth the 
of the great apes as his near relatives , and ftOth-century 
biology, nch in knowledge of pnmate speaes, connden 
hvmg and fossil man as only one family among four which 
form the tribe of Old World apes and monkeys, thus 

Infraorder Catarrhmi 

Family Ccrcopitheadae (Old World monkeys) 
Family Hylobatidae (gibbon, siomang) 

Family Fongidae (oraog utan, gorilla, chimpancee) 
Family Hominidae (man, living and fossil) 

If this slow but steady demotion of man (as judged by the 
biologists) were to contmue, the next step would obviouilj 
be to throw over the last quantum of human pnde and clas- 
sify our speaes merely as one of the subfamflies of the cator 
rhme apes m other words to say that we are simply one 
parbcular land of ape or monk^ There are at this mo- 
ment biologists who would do just that, but the differences 
and resemblances npon which such a decision most be based 
are so diverse that it becomes a matter of private judgment, 
hardly subject as yet to general agreement, whether to 
place the human speaes with the great apes or with the 
monkeys 

Punch i famous query, made at the height of the Huxley 
Owen controversy m 1861, t^mte literally expresses (except 
the first hne) the question now awaiting the answer of 
saence 
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Am I tatyx or man? 

Pray tell me who can. 

And settle my place m the scale 
A man m apei^s shape, 

An anthropoid ape, 

Or a monkey deprived of a tafl? 

The majority of investigators, however, ttiH thmk that man 
IS sufficiently diftmctive to conshtnte a family by himself 
After all, if he is an ape he is the only ape that is debatmg 
what land of ape he is 


£ 

What evidence has embryology to bring to bear upon this 
great problem? In answering tms query we roust first con 
sider briefly the way m whidi bioiogisU proceed to work 
out the cl^ificatioiis and tables of relationships we are 
talkmg about 

Whether from practical need or plain cunosity, people 
have always felt a strong wish to classify hnng creatures, 
Nature seems a vast complexity We crave some knowledge 
of its organisation The earhest written classificafaon of 
animals appears m the ancient book of Lcvibcus, wherem 
the children of Israel were taught to discnmmate between 
those beasts that both part the noof and chew the cud, and 
those which possess o^y one of these characteristics, or 
neither and between those creatures of the sea which have 
and have not fins and scales Aristotle went a good deal far 
ther, by suggesting a much larger list of distinguishing 
features, many of which have been used by science ever smcc, 
sudi ns differences m teeth and tusks hide and hair, nails 
and claws, and in the mode of reproduction, i c,, vivipanly 
contrasted with egg laymg Beginning with the work of 
Jolm Hay (1693) we sec the development of a thorough 
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gomg tabolar classification m which the plants and 
were listed and grouped m a systemabc way according to 
their Tanous chmctensbca, just as a collection of postage 
stamps 15 arranged by country of issue, date of issue, mone* 
taiy denommabon, and mmor Tanebe* of color, perfora 
bon, and canccDabon- The ordering of Imng thmgi a modi 
more difficult, however unlike postage stamps, mfonnabcm 
about the date of appearance and the ^lace of ongm u un- 
available there are more charactensbes to be considered 
there are confusing mtcnnediatc forms between the classes, 
animals are more variable mdividually than stamps and can 
change their appearance and even their anatomy as they 
grow Each biologist who has had a try at the perplexing 
task of classificabon naturally had hu own idea as to which 
character* are more important for the purpose. Some de- 
aded chiefly by the ty^ of foot and otherB by the teeth. 
Men like Bbj and Lizm^ showed them genios hj sotmg a 
wide variety of characters and then dioosmg the more eg 
nificant os the basis for discnmmabon. Lmnfe, for example, 
perceived that the possession of mammary glands and the 
secrebon of milk is a fundamentally significant character 
He set up a flaw of animals on that bans, calling them 
MammaUa. He had the courage to put the whales m tho 
class m spite of the fact that their sapcrfiaal resemblance 
to fishes had baffled all the previous syitemabxera. 

Lump’s method of dividing the mammals is well fllaJ- 
trated 1^ his definifaon of the Order of Primates, which I 
ate m shghtly simplified terminology 

“Inferior front teeth four, parallel, canine teeth soli- 
tary (a single pair above and below) Mammary glands m 
the pectoral region, one pair The anterior crtronities are 
hands. The arms separated by collar-bones, the gait uiu 
ally on aH fours Thev dnnb trees and pluck fnirts. A 
list of made up m this way it pmnarity a 

idenbficabon, like those which are nowa^^ ti»ed by 
lovers who want to recognise birds or wild flowers by spot 
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tmg distmcbve combmahons of traits It nnplies no state- 
ment of familj relafaonship, though of course the method 
often results m bringing together natural groups on the 
other hand it may be misleading by emphasizing eas ily ob- 
served but superfiaal diaracters while neglecfcmg funda- 
mental sunihinties that can only be detected by laborious 
dissection 

In the late 18th and the 19th century, however, when 
the concept of organic evolafaon began to be considered se- 
riously, the ancestral history of the vanous kinds of plants 
and wnimab began to be sought out, and classification in- 
evitably tended to follow the presmned lines of descent. To 
ate an example close to our present mterest, the biologist 
who deades that the tribes of Old World monkeys and great 
apes respectively are to be considered two famflies of an 
mfraorder called Catarrhim, does not mean merely that 
they are much alike m appearance and anatomy he intends 
to say that m his opinion the two famflies are related by 
descent, having evolved from a common ancestor If he en 
rolls the genera of man living and fossil, as another family 
of the Catarrhmi, he nnphes that man also shares the com- 
mon ancestry If he is one of those who thinks the relatiou- 
shrp 13 even closer, he will place the human genera within 
one of the other famflies accordmg to his best judgment 
There are of course many gaps m our tnowled^ of these 
relationships it is often impossible to settle the probable 
hne of descent The best that can then be done is to lost the 
a nnual s on the basis of anatomical classification, and leave 
it to anyone who wishes to draw up and prove, if he can, his 
own idea of the “family tree.” 

The judgments of the classifier are largely based upon a 
consideration of the structure of the hvmg and fossil forms, 
controlled to some extent by knowledge of the funcbonal ac- 
tivities of the organisms. The great divisions are deter 
turned by fundamental differences which are usually quite 
obnoui Everyone can appreciate the grand division mlo 
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InTertdjrates and Vertebrates Subdivision of Ibe Verte- 
brates mto classes involves a somewbat more fprbnir*] jodg 
ment. At present seven chief classes are recogmxed, ti 
foUowB 

I Agnatha (j awless vertebrates, c.g^ lamprej) 

IL Chondnehthyes (cartilagmoiis fishes, e.g^ sharia) 
HL Osteichthyes (bony fishes) 
in'” Amphibia (e.g , salamanders, newts, frogs) 

V Reptflia (e.g^ turtles, hrards, snakes, alhgaton) 
VL Arcs (bir^) 

VH Mammalia 

Most of these groups are recogmxable without difficul^ 
Anyone can distmguish a mammal, a bird, and a fish, m 
spite of a few confusmg instances snch as the resemblance 
of bats to birds and of whales to fishes. Distinction of rep- 
tiles from amphibians, however, requires good observation 
of their r espective anatomy and breedmg habits. Separa 
tion of the cartOaginoos from the bony fishes and the judg- 
ment that they belong m separate dasses require ipeasl 
knowledge acquired by dissecbon. 

T . iTnitrng OUT attention to the CHass of Mammals, three 
subclasses are recognired 

1 Protothena (monotremes or egg laymg msirrm a U , 
e.g., duck bin platypus) 

2, Metathena (marsupials, eg., opossum, kangaroo) 

8 Euthena (placental mammals) 

Here, it will be noted, the primary division depends upon 
the method of rrorodaction. AD these a n i mals have roam- 
maiy glands andfeed their infants on milk, but thqr differ 
m the method of menbafann their young, whether in 
or m brood poaches after s^rt residence m a uteros, or by 

fuD. uterme gestation There are also fundamental anatomi- 
cal differences between the three subclasses, readfly discern- 
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ible by a carefn] dissector The reproductive organs are of 
course very unlike, but besides this there are differences m 
details of bones, muscles, nerves teeth, and viscera 

A currently accepted classification of the Eutherun 
TpATirmwIt sets up eleven chief orders 

Insectivora (e.g , moles shrews) 
b Carnivora (c,g», cats, dogs, weasels, bears) 
c. Penssodadyla (odd toed hoofed animals, e.g , horses, 
tapirs, rhmoceros) 

d Artiodactyla (even toed hoofed annnals, e.g, pigs, 
camels, deer, oxen) 
e. Probosadea (elephants) 

f Rodentia (e.g , beaver, iquirrel, moose, rat, poren 
pme, guinea pig) 
g Lagomorpha (rabbits, hares) 

L Chiwptera (bats) 

1 . Cetacea (whales) 
j Edentata (e g , armadillos, sloths) 
k- Primates 

Again, the characteristics which define these orders are 
partly obvious, for example, those of the bats and the ele- 
phants, and partly so technical as to require expert ana 
tonucal knowledge to recognixc them- iTie tabulabon of 
course depends upon the opinion of the classifier many 
roologists for example put the rabbits and hares not m a 
separate order of then* own but in a suborder of the Ro- 
denha. Havmg adopted some such hat, the comparative 
anatomist if he is mterested m evolufaon then proceeds to 
compare the resemblsncres and differences between the or 
deri in the hope of working out a plausible scheme of hues 
of descent. 

A fanciful iDustratjon may help to explain his task (Pig 
14) Imagrae an mveshgator who tries to work ont the 
phylogeny of gnsohne-propelled vehicles, knowing only 
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those he sees m the roads and the jonh yards Inspectm^ 
snch diverse machmes as a racmg car, an oil tnid^ a fire 
engine, and an armored nubtary he secs clearly that 
these are late, speoalired developments from some iunplcr 
type. Each of them, however, has a chassis and an cngma 
Most of them have four wheds These mnit be the fnnds 
mental characteristics sudi things as oil tanks, fire ladders, 
and cannon on the other hand arc speoal adaptive features, 
by no means common to aH krnds of automobiles. On the 
whole, a de loie passenger car is less speoalired than the 
foregoing types, bnt even it has a numbCT of adaptive fea 
tares sndi as opera seats and a radio Our hypothetical m 
Tcstigator would see that the best due to the ancestral motor 
car IS given by an old roadster of a so-called “popular 
make.” In the biological sense of the words, it is a pram 
bve or generalized ^^le. 

A shrewd thmker m this nnagmary bnmdi of saeuce 
might go farther and try to reconstruct mentally the ex 
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tmct ancestor of the moat nearly prnmfave cars of the pres 
ent day He might plausibly guess, for instance, that pneu 
matic tires represent an evolnhonory improvement, and 
that they were preceded hy solid runs but knowing what 
primitive roadbeds were like, he would suppose that the mV 
bcrless wheels were larger than those of today, and the car 
highcr-slung The engme was probably less effiaent than 
nowadays the car must therefore have been hghter Before 
that there was probably no engine at alL Thus he forms 
the hypothesis that the modem motor car is descended from 
a hght, high wheeled, buggy like horse-drawn carnage. 

If our thconzer happened to observe one of the sea gomg 
trucks now bem^ used by the army, he would at first be 
ponied. The thmg looks as if it is some sort of modified 
motor launch, in the Ime of descent from a primitive canoe 
but dissection shows that it has the skeleton and nscera of 
an autoTDobne. Its boat like form is merely an instance of 
“convergent evolution” like that bv which the whales, 
though thev descended from land mammals, have acquired 
an external resemblance to the fishes Studying a steam 
roller, the mvesbgator would realiie from its form and its 
mtcmal anatomy that m spite of its habit of self propul- 
sion on ordinary roadways lie gasoline cars, it represents 
a different bne of descent, namely throngh the railway loco- 
mobve, on order of vehicles which diverged from the pnmi 
bic ancestral wheeled cart a long tune ago 

Similar mental operabons guide the zoologist m his cf 
fort to deduce from the structure of hving and fossil am 
Dials the hnes of descent by which they each evolved from 
more primitive creatures His task is verv difficult, because 
the animal forms are vastly more numerous, more varied, 
and more complex than the forms of motor cars He has to 
Icam to see small bnt important clues while nihng out 
mcrelv superficial resemblances, and to weigh the of 
the evidence rather than be swayed by a few striking de- 
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tails The amount of mmutiae which must he considered n 
mcredible. In atmg here a cmrently acceptable familj tree 
of the mammals, I must content myself with givmg the re- 
sult, Without attempting to outlme even a sm^ part of the 
evidence. The following diagram (Pig 16) has been tAtm, 
with considerable simplification and some modification, 
from The Ordert of Mammals by W Gregory (1910) 
It will be noted that os seen by the experienced mam- 
malogist, the anatomy of the primates suggests that th^ 
occupy a stem of the diagram along with the bats and the 
msectivores. Our common smcestor was probably a imtH, 
sharp-^ed, quick moving, fuiry animAl hvmg ra the treei. 


CefactanB Artfodacfyts 
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It la generally supposed, by students of the anatomy of 
Imng and fossil primates, that bach in the earhest, or Ptdeo- 
cene, epoch of the Tertiary period of geologic time, perhaps 
fifty milhon years ago, one of the tree-dwelhng insectivore- 
Uke species then hvmg evolved mto the ancestral line of 
prescnWay primates Fossd primates are scarce, and the 
exact nature of the earhcr forms is uncertain, but if this 
hypothesis of their ongm is correct, the hue soon gave nse 
to an offshoot which was ancestral to the lemurs, those small 
four-footed ammals, somethmglike squirrels m general ap- 
pearance, whose present-day representatives arc found 
mostly m Madagascar As we shall sec later, a few biolo- 
gists doubt the correctness of including the lemurs among 
the primates, even as a side branch All hues of evidence 
agree, however, in admitting the queer looking, pie-eyed 
httle tarsier (technical name, Tantut) of the East Inies 
to a place close to the stem of the pnmate family tree. This 
■peacs has a relatively large bram and eyes which look for- 
ward, converging suffiaently to indicate that it has stereo- 
icopic vision The mutzle is shorter than that of the lemon, 
suggesting the simian human type of face. Tarsius itself 
has striking specialirations, mcludmg particularly a set of 
large pads on the toes which it uses in dinging to trees, and 
an extremely long ankle, whence its name but there are 
numerous fossil tarsioids of more generahied character 
which lived m Eocene tunes, among which, it is thought, 
was the progenitor of Inter monkey like forms 

Next, presumably, the fiat no^ (Platyrrhmc) mon 
keys, of which the now living examples arc found only m 
tropical Araenca, evolved somewhat drvcrgcntlv from the 
mam line of descent. In the shape of the nose, m the dental 
formula (three prcmolnr te^th in the lower ond upper jaws 
on each aide), and in vanous spccialixations possessed by 
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many of them, such as the prehensfle tail, the Amencam 
monkeya are clearly different from the Old World forms. 
This leaves three kmda of primates still to be dascfied, 
namely the Old World monkeys, the anthropoid apes, and 
man Everyday observabon, of the sort anybody can make 
m the zoo, agrees with the resolts of detailed scientific study 
in nssoaatmg these three groups together They all hare 
quite large brains , the premolar teeth are in all of them re- 
duced to two on each side of each jaw The thumbs are op- 
posable, ne., can be bent against the palms and other fin- 
gers, and so ore the great toes, except in man, who has kwt 
that parbcular trait. 

We need not devote much space here to the detailed speo- 
ficabons by which the three kmda of catarrhine pnmates 
are distmgmshed from each other Man and the anthropoid 
apes have chests which arc broad from side to side and ahal- 
low from back to breastbone, unlike the monkeys, which 
have narrow deep chests like other mammals Man and the 
anthropoid apes tend to have on erect or scmierect pos- 
ture, and th^ oil lack tails The fact is, however, that as 
wc approach the terminal branches of the family tree of the 
marnrnflTg it becomes harder and harder to define the differ- 
ences m logical, saenbfic, cxccpbon proof terms Every 
body can tell a bear from a raccoon offhand but those who 
have seen the recently pubhazed giant panda m a zoo 
would find it difficult to state categorically the characters 
by which they would deadc whether to assign that species 
to the bear f oinily or to the raccoon family The expert does 
rt by comparing details of structure m the teeth, skull and 
limb-skeleton, and viscera which he knows are characteristic 
of the undoubted bears and raccoons respecbvely 

Difflculhcs of much the same sort have mode the preew 
relabon of man to the Old World monkeys and apes a prob- 
lem as obscure os it is fascinating The quesbon 
soon os people were first wfllmg to admit the probable blood 
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relatioruhip at aD, and it la jnst as good for a ddjate now 
as it was m Huiley^s time. I have already referred to the 
fact that there is not even foil agreement at the present 
time as to whether man (hvmg and fossil) is to be given 
ftandmg as a separate family or placed within that of the 
great apes or perhaps that of the Old World monkeys. Con 
s erv ' ati ve opnuon, based upon study of comparative anat 
omy of all the hvmg forms and the fossil apes, now draws 
up the classificabon more or less as follows 

Order PRIMATES 
Suborder Lcmuroidea 
Suborder Tarsioidea 
Suborder Pithecoidea (or Srauac) 

Infraorder Platyrrhim (American monkeys) 
Family Hapaiidae 
Family Cebidae 

Infraorder Catatrhmi (Old World forms) 

Family Cercopitheci^e (macaques, langurs, ba 
boons, etxi.) 

Family Hylobabdae (gibbons and siamnng) 
Family Pongidae (orang utan, gorilla, chimpan 
lee) 

Family Hommidae (man) 

This is the stamp-album kind of tabulation. A family tree 
representmg the same body of opinion and evidence is 
•town m Professor Romeros snnpbficd pictonal diagram 
reproduced herewith (Fig 16) It differs from the above 
classificabon only m condensing the gibbons and the other 
anthropoid apes onto one twig of the tree. 

This diagram represents the commonly held view that 
nian i* closer to the great apes than to the monkeys Not 
only u this the opmion of many saenbsts but it seems also 
h) be tacitly held by the pubhe, for visitors to lOos ore al 
ways parbcnlarly mterested m the chimponrecs, gorillas 
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Fm. 1®. A fhopllfled ftmUj tree of the primates. From A. S. Rooia’ 
nd tk» V*Ti$hni** by arrmogaiiait with the Unlrerslty of OJfCO FiU*- 


and orang utani The large me of the*e animal*, their 
crania, their taiDessnets, and their more or less man lite 
posture and behavior seem to suggest a kmship outranlong 
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that of thfi smaller primates. Most of the aaentific leaders 
who took port m the debates of the I860 s and 70’s, includ- 
ing Darwin, Huilej, and Haeckel, agreed with this opm- 
lon, on the evidence of the anatomy as they saw it. They 
atsnredty did not think that one of the esistent kmds of 
great apes was the direct ancestor of man but they be- 
lieved t^t oH these creatures and man had a common an 
cestry, and that the progenitor of primitive man was an am 
tnal of much the same sort as the great apes Darwm said 
this eiphatly m The Detcent of Man Huxley’s famous 
group of popular lectures, Man » Plac€ tn Nature is de- 
voted to the same thesis There were, however, able eontem 
poranes who were not convinced A brilhant little book, 
Man and Apet published m 1874 by St. George Mivart, 
took issue with Darwm and Huxley ACvort, an excellent 
comparative anatomist, adopted a method begun by Tyson 
and used frequently smce in connection with this problem, 
of listing one by one the anatomical characteristics of the 
animal under discussion, to see how the resemblances and 
differmces are distributed among the various families and 
species He agreed that m the structure of the bram the 
great apes approach man more closely than do the monkeys. 
This is true also, he thought, of the muscular s y stem . On 
the other hand, said Mivart, oU the great apes have strongly 
projecting canine teeth, whereas the human camnes are not 
very promment this human characteristic is also possessed 
by the lemurs. A true vermiform appendix is present onty 
m anthropoids, but is most like that of man in the gibbons, 
not m chrmpanree or gorilla. Mivart was able to list rune 
more or less important details of anatomy and bodily pro- 
portions m which the baboons excel all the great apes m re- 
•emblance to man, and sixteen m which the admittedly re- 
mote South American monkevs come closest to man of all 
the primates. The whole of Mivart’s argument should be 
read, to do him justice he did not reject the evolubon of 
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the human body, but he concluded that man haa no ipeaa] 
or exclusive affinity to any one kind of ape. In short, if be 
had made a diagram of the family tree he would have ibcnrn 
the human speaea branching from the stem as early as any 
of the monkeys. 

This problem is so important that many competent 
people have worked at it, with the aid of a conrtantly grow 
mg body of information Opinion has gone on swinging 
back and forth. Various eitrcme hypotheses have been pnt 
forward two or three workers, for example, have seen to 
many pomts of resemblance between man and the gibbons 
as to suggest that these two kmds of animflU diverged to- 
gether from the common stock, before the separataon of the 
Ime of the present-day great apes. On the other hand, the 
able contemporary English anatomist F Wood Jones has 
been so much impressed by the relatively genemhxed itmc- 
ture of the human body (a subject of great mterest to which 
I shall return later) that he has exduded all the monkeys 
and apes from the ancestry of man because their lines seem 
too much specinhzed, and has proposed that the human 
speaes diverged from the mam pnmate stem a very long 
time ago, along with the tarsioids. Any reader who wishes to 
follow up thishncf statement by wider and more technical 
readmg, will be entertamed as well as instructed by read ing 
Arboreal Man by Wood Jones and then an all-star discus- 
Sion by British scientists on the roological position and af 
finities of Tnrsius, published in the Proceedings of the 
Zoological Society of London m 1920 

The majon^, however , of the workers who have ex 
pressed themselves on the subject m the last twenty five 
years, trying to evaluate the degree of resemblance between 
the various primates, have upheld the original supposition 
that places man closer to the great apes than to the other 
primates, although there is considerable difference of 
ion as to the degree of diffcrenoe, or as to the period of 
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geologic time when the separabon tooh place, which 
amonnts to the same thmg Some (c-g^ the late Sir Grafton 
Elhot Smith) thought that man, gorilla, and chimpanzee 
bad a common ancestry as late aa the Miocene period. W K. 
Gr^ory, of Columbia TJmversity, lectured eloquently m 
London in 1934 m favor of the close rriabon of man and 
the anthropoid apes An exceedingly careful reexammabon 
of the quesbon was published m 1936 by Adolph H 
Schulti, of Johns Hopkms University, an experienced an- 
thropologist who made a tahulabon of the relevant ana 
tomical features, taking account of quanbtafave differences 
on the basis of extensive measurements The general result 
IS shown m the accompanying diagram (Fig 17) Schultz 
finds m the first place that the Old World monkeys (such 
as macaques, langurs, baboons) must have diverged first, 
leaving a common ancestral stem for the anthropoid apes 
and man, from which the gibbons soon diverged and then 
man the remammg stem was that which gave nse to the 
present'day gonHa, chmipanrec, and orang-utan An im- 
portant feature of this conclusion is the very early separa- 
tion of the human hne from that of the great apes m other 
words Schultz (like several earher 2()th-ccntuiy anato- 
mists) finds enough resemblance to conclude that all these 
tpeaes had a comraou ancestry, and at the same bme enough 
differences to make it appear that the human Ime has been 
evolvmg independently for a long bme. This is about the 
average of the opinions expressed by expert workers m re- 
centyean W L. Straus, Jr., of Johns HopkmsUmversiiy’, 
a colleague of Dr Schultz, places the separabon of the hu- 
man line somewhat earher, though not as early os Wood 
Jones or liCvart would have it- Dr Straus has made care- 
ful studies of the pelvis, the muscles of the eitremibes m 
cladmg the hand and foot, and the form and arrangement 
of the thoraac and abdommal viscera. One of his most im 
porlant findings is that the form and use of the human arm 
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eoartesy of the WlllUmi and Wnklas Comp^oy 

and espeaallj of the human hand make it nnprobable that 
man ever passed through a penod when he traveled by 
swinging from hia hands (“brachiation”) as do the anthro- 
poid apes This fact, together with the large number of 
traits m which man approaches or resembles the monkeys, 
leads Straus to the hypothesis that the stem of the human 
ipeaea diverged from the general pnrnate Ime when the an 
cestral creature had attorned a structure something between 
that of the monkey Ime and that of the gibbons. He thus 
classifies man os more distmct from the great apes than doc* 
Schultz, and closer to the monkeys Eimer of these conclu 
sioDs agrees very well with the trend of research on fo*^ 
man, which suggests (n« far as the small omoirat of avan 
able evidence goes) that the human fpeaes has been ana 
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tomicaHy distmct as long as have the great apes ^ and also 
with ardieological research, which tends to set the origin 
of hmnan cultural activities earber and earher m the past. 
Perhaps such conclusions will soothe to some degree the 
feelings of those who are unhappy about the animal de- 
scent of man, if indeed there are any still unreconciled to 
the idea of evolution 

The evidence considered op to this pomt has been almost 
exclusively anatonucaL It should he added that the British 
writer Zuchennan has compiled (1933) what is tnown 
about differences m the functional achvitiefl of the pn 
mates, mcluding such charactensbea as control of the facial 
musculature, diurnal vision, stereoscopic vision, discnmina 
tion of colors, blood groups, types of breeding season, and 
the occurrence or nonoccurrence of menstrual cycles. Dr 
C. G Hartman m 1939 added a few more items to the list. 
The sum of all this evidenoc clearlv agrees with the general 
daasificatiou of the primates cited above as currently ac 
cepled, making mAJi seem more like the great apes than the 
Old World monkeys There are still fewer resemblances, in 
respect to these functional actmbes and characteristics, to 
the pUtyrrhme monkeys and fewer yet to Tarsius and the 
lemurs This analysis does not, however show a strongly 
marked resemblance of man to any one of the great apes 
more than another and thus it confirms or at least does not 
disagree with the conclusion already reached by the com 
parabve anatomists, and supported by such distoguished 
students of fossD apes and men as Henry Poirfield Osborn 
and Sir Arthur Keith, that the hne of man became mde- 
pendent m the Ohgocene epoch perhaps forty milhon 
years ago 


4 

The task of comparing one kind of animal with another 
m order to work out their relationship, is so mtneate, so 
full of difficulties, that every scrap of available information 
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imut be nsed, I have spoken thus far chiefly of the evidence 
from comparative anatomy of the adult animal, and from 
physiological and bioclicmica! corapansons. To these the 
embryologist can add a wealth of additional mformatioiL 
It has already been pointed out that the embryos of vanous 
species of mammals can be distinguished from one another 
by the expert observer, all the way back to the stages of the 
one-ccDcd ovum, and tJiat tlicrc is an endless variety m the 
manner of implantation, m the arrangement of the era 
bryonic membranes, and m tlic structure of the placenta. 
Is it too much to hope tliat by careful comparison and codifi- 
cation of these diiTcrcnccs a flood of light may be thrown 
upon tlie problem of human descent? 

In the first flush of enthusiasm over their discovencs of 
the early 19th century, embryologists seemed indeed ready 
to solve all the tangl^ gucstions of evolution, if only they 
could apply their methods to the whole animal kin^om. 
Von Baer, the man of genius who m 1827 discovered the 
eggs of mammals, made it lus business to collect the embryos 
of all sorts of vertebrates and invertebrates He perceived 
that on early embryo shows tlic general characteristics of 
the big group to which it belongs, before it acquires the spe- 
cial charocters of its genus or speacs. A good example of 
this IS seen in the forc-lirab buds of birds and manunahj 
which arc very much alike when they first ^row out of the 
trunk it IS only later tliat they arc distinguislioblc as wings 
or legs respectively To ate a more general example ol 
ready referred to m Chapter I, all the many-ccUed aniroali 
Ix^in as a single cell, and practically all of them, verte- 
brates and invertebrates alike, go through a morula stage 
and then a blastocyst stage or somctlirag much like it, be- 
fore th^ develop the porfacular chomctenslics of their 
own land. Tlius animals of higher and lower forms 
ble cxufli otlicr much more when they are embryos than when 
they arc adults This is another way of saying that they all 
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fftart ont more or lesj alike end diverge ns ther grow It 
follows that the adfllts of lower, less differenhnted forms 
which do not get very far from the embryonic, generalized 
type win to some degree resemble the embryos of higher, 
more diverg en t forms 

In the hands of Haeckel, whose facile wntings had a 
great influence on popular thought about evolution in the 
latter half of the last certury, these principles of von Baer 
were bnilt mto the so-caHed ‘^logenefac law” or theory of 
recapitulation, which declared that higher animals, m then* 
embryomc stages, undergo the same senes of transfonna 
tions through which their ancestors passed durmg the evo- 
lution of the species Mammalian embryos, for example, 
were thought to exhibit a fish stage and an amphibian stage, 
and Haeckel at one time went so far as to draw up a table 
of the progenitors of man which consisted, practically 
spea^ong, of a list of adult forms of now-enstent types, all 
the way up from the mvertebrntes i e^ segment^ worm, 
cydostome G^prey), shark, bonv fish, amphibian, mar- 
supial, lemur, memkev, and ape. If such an idea were true 
in detail, the embrvologist could solve all the relationships 
of the animal kmgdom by studying the development of each 
speaes to see what kmds of ammftU ihcir embrvos succa 
aively resembled, but even those who cherished the notion 
most warmly had to agree that in the development of an 
embryo many stages of evolobonarv history are omitted or 
greatly condensed. The human eanbrvo is never a monkey 
or a reptile, nor is it ever like an adult fish or amphibian. It 
does, however, show remarkable resemblances to emhryonte 
fishes and amphibians. A mere hmt of this is shown m Plate 
n , D and E microscMpic study of the mternal organs as 
depicted m any textbook of vertebrate embryology gives 
convincing evidence of the fact. Yet sudi is the persistence 
of theoretical ideas that to this day some of the visitors to 
an embryological laboratory are actually disappomted to 
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find that human embryos are not suffiaently like adult fish 
to exhibit fully formed gill alita, to say not^g of fini and 
scales. 

Comparative embryology of the more cautious varie^ 
has, of course, made great discoveries with respect to evo- 
lutionary relationships. One of its most spectacular achieve- 
ments was Kovalevsly’s rcvdabon that the tunicates or sea 
squirts, lowly sessile dwefiers on rocks and wharf piles, are 
m fact relate to the vertebrates because their free-swim- 
mmg embryos exhibit defimte resemblances to the larvae of 
fish and amphibians. Another example is the way m which 
embryologists confirmed the distmi^on between amphibi- 
ans and reptiles, already made with some difficulty by com- 
parafave anatomists, by showmg that the embryos of the 
reptiles possess an amniobc envelope, which is not the case 
m amphibians. 

To summarize, embryology can extend the range of com- 
parafave anatomy and comparative physiology by contrib* 
ufang evidence from the earhest stages of life, and especially 
by brmgmg forward for study an addibonal set of organs, 
namely the embryonic membranes and the placenta, which 
represent evolubonary adaptabons of a most important 
kmd. The findings of this branch of science, mterpreted 
with wisdom, can aid m solving problems whidi no one 
branch of biology can deal with alone. 

6 

lict us see then what the embryologist can contribute 
toward understandmg the posibon of man among the am 
mals. I anfaapated this quesbon m $ $6 and 10 of Chapter I, 
by cibng evidence that places our speoes quite definfiely 

am on gthepmnates It was shown, for example, that dinff 

ences m the placenta of various animals are highly sipufi* 
cant- That organ m its gross form may be either dinose, 
cotvledonary, lonaiy, discoidal, doubly discoidal, or some 
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other intermediate or variant shape (Fig 11) In ita gen- 
eral structure it may be of the diffusely apposed type, or 
labyrmthme, or villouB (Kig 18) In detail^ nucroicopical 
ttructure, os pointed out m Chapter I, 5 IO (see Fig 15), 
the placenta exhibits four general types according to the 
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number of cell layers which remain interposed between the 
blood streams of mother and fetus The placenta has there- 
fore long been subjected to careful study with the aim of 
comparing one species with another Before the rise of mi 
croacopic anatomy m the 19th century there had already 
been attempts to use the gross form of the placenta as a 
guide to classi6cation This, as it tamed out, was not a very 
useful method, because the comparison of gross form does 
not yield clearly sgiarablc groups , many rodents, for in 
stance, have discoidal placentas as do many pnmates and 
various members of other orders. Alicroscopic analysis is 
much more helpful, as we shall sec. The whole subject has 
been expertly discussed m two fairly recent papers, one of 
them by George B Wislocla of Harvard Medical School 
(1929), the other the Croonian I>cture by J P HHl of 
I/mdon, published in 1932 * To maLe a long story short, it 
may be said m the first place that aB the primates, except 
the lemurs, have discoidol or doubly discoidal placentas of 
hemochorial type. Speaking only of the Old World forms, 
theshape of the placenta m the Ccrcopitliccidac (macaques, 
langurs, etc.) is usuaUpr doubly discoidal, the baboons, m 
which it IS singly discoidal, ore an exception In the Hylo- 
batidae, Pongidac, and Hormnidac (anthropoid apes and 
man) it is always singly discoidaL With respect to the ar- 
rangement of its internal structure, the placenta vanes m 
a strikingly systematic way from Tarsias through the New 
World monkeys and Old World monfciys to the anthropoid 
apes and man In the carber-nomed of this senes it is a 
loosely reticular labjnnth, whereas m the latcr-nruncd the 
cross-connections between the mom strands become less and 
less conspicuous, until m the Pongidac and man it is viDotis 
that is to say, composed of rootlets which branch without 
reuniting by means of sidc-sprouts. Although there are 

8. S« BDjDogTapliy p. 1T7 
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plenty of pTiT tpula in other orders with discoidnl placentas, 
and many m which the mtunate structure of the placenta is 
of the hemochorial trpe (Fig 12), the combination of these 
features with a completely viDous pattern is seen only in the 
gorilla, orang utan, and man (the chimpanzee’s placenta 
has never received thorough microscopic study) To repeat 
a statement made in Chapter I, an expert in this field, with 
ihdes of all the known placentas before hnn, would be able 
to separate those of Tarsius and the pithecoid primates 
(monkey-ape-man) from those of all other animals without 
difBcolty, and could then go on with ease and confidence to 
identify those of the great apes and man because of their 
striking mterresemblance. He might hesitate however be- 
fore committmg himself to a decision as to which came from 
the fforiUa and which from the human species With respect 
to the structure of the mature placenta, man u thus defi 
mtely closer to the great apes than to any other ammols. 

But, as we have seen in Chapter I, organizabcm of 
the placenta is on outcome of events which take place m 
early cmbryomc life. Even m the first two weeks there are 
great differences m the detailed method of attachment of 
the embryo to the mother and m the detailed arrangement 
of the cmbryomc membranes. In most mammals the embryo 
implants itself on the surface of the utennehnmg mafew 
itburrowiintothematernal tissue* The trophoblast may or 
may not become thick and mvaaive. There are differences m 
the development of the ammotic cavi^, whether by foldmg 
of the trophoblast or by splittmg (cavitation) The ex 
traembryonic mesohlast may appear earlv or late relative 
to the differentiation of the embryo itself The volk sac may 
or may not take part m the early stages of placentation 
the allantois may be large and functional, or raedium-sued, 
or insignificant- In short, the detailed variations of these 

* S« Chapter I pagt 81 foolttote. 
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early stagea of development are bo pronounced that the total 
picture of implantation and the arrangement of the mem- 
branes, m any one hmd of animal, becomes an important 
item m the list of characteristics available for taxonomy and 
evolutionary comparison. 

The reader may revierr aU these facts m 55^ 5 of 

Chapter I and the accompanying illustrations As already 
stated there, the relevant mfonnafaon is fairly well m hand 
as regards the human embryo Fortunately the early stage* 
of the rhesus monkey also are quite fully known, thanks to 
the intensive work of Streeter, Hartman, and Henser of 
the Department of Embryology of the Carnegie Institu 
bon, in Baltimore, who have made the development of this 
monkey better known than that of almost any other mam- 
mal The human embryo and that of the monk^ are nradti 
alike during the second wc^ in those details which are 
significant for comparative study Both show precoaoua 
development of the trophoblast (considerably more pro- 
nounced m the human), formabon of the amnion by ipht 
tmg, and early development of the extraembryonic meso- 
blasb They differ significantly, however, m the type of 
primary implontabon, which is Bupcrfioal in the monkey, 
mtersbbal in the human "With this understandmg of the 
earbest stages of the human species and one of the most 
typical of theDld World monkeys, we are prepared to tom 
to the great apes for a comparison whidi should teH n* 
much. 

Alas, the total material for the study of the early develop- 
ment of the great apes consists of two embiyos of the chim- 
paniee, 10^ and 152 days old respectively, at the Carnegie 
embryological laboratory The older of the two is very ab- 
normal and thus almost eveiTthing that can be »aid on this 
great subject depends upon one embryo ThetwoBpeamens 

were obtamed m 1938-69 by cofiperabon of the Yale (now 
Yerk^) Laboratories of Pnmatc Biology at Orange Park, 
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Florida. Operatioiifl by Carl G Hartman-werc done on dates 
worked ont from the menstroal cycles on the basis of previ 
oua studies on the reproduction of the chimpanzee by R. M. 
Yerkes and J H Elder and the specimens were prepared 
and mtensively studied by Chester H Heuser (1940) 
Thar import^ce with respect to the relation between 
chnnpantee and man 'was first pointed out by Er Hartman 
ml939 

The findmgs m the case of the 10^-day specimen 
(“Yerkes A,” Carnegie Collection C 620) can be stated m a 
few words- The embryo is pracbcally identical with human 
embryos of similar age m every significant detail. The im 
plan^tion is intershbal and is charactented by very early 
thickening of the trophoblast. There are certam differences 
from the human m slight details which may reflect the dif 
ference in speaes, but rt is doubtful whether even a trained 
embryologist, seemg it for the first time, could detect the 
fact that it is not human. 

In short, at the end of 10 or 11 da^rs the human speaes 
and one of the great apes (the only one known at that age) , 
are anatomically alike and arc different m significant de- 
tails from the rhesus monkey of a comparable stage and de- 
velopment, although m mc^ respects the embryos of the 
three species are very similar and must be placed together 
m ft group differing from embryomc mammals of other 
orders. 

It may be added that enough is known about the embryos 
of the gibbon and siamang (Hylobates, Symphalangus) 
beginning at a stage many days later than the Yerkes chu^ 
panzee embryo, to make it certam that in these apes the un 
plantation is mtcrsbbal, Kke that of man. The same deduc- 
bon can be made from the late placentas of the gorilla and 
orang-utan. 

Before atterapbng to evaluate these remarkable facts, it 
^ni be worth while to examine very briefly what is known 
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of the early embryology of other pnmatea Aa the reader 
win reahxe, there are exceptional difficulbes m the way of 
collectmg monhey and ape embryos To get together a lue- 
fol senes of successive stages of any speaes by collection m 
the field requires either speaal expeditions or the coopera 
bon of scientifically minded residents of the tropics Preg 
nant animals, shot or trapped in the jungle, are of course 
not subject to accurate determination of the stage of preg 
nancy To breed monieys m captivity expressly to get the 
embryos is an expensive business. (Wy a few speaes are 
hardy m captm^ We know almost nothing about the 
breeding habits of most of the monkeys Thus far, only the 
Cam^e senes of rhesus embryos and the two Yerkes chnn- 
pansce embryos have been obbuned in that way Consider 
ing these difilculbea it is remarkable bow much has been dis- 
coveted by an mtemabonal group of men, little known to 
the gener^ public, who have devoted themselves, in the field 
and in the laboratory, to this bold and far-reaching guest 
EmilSelenka (1842-1902) of Erlangen, Germany, opened 
the modem phase of the subject by his studies of material 
obtained largely by personal trard in South America and 
Asm, A. A. W Hubrecht (1858-1916) made extensive 
use of bis personal conneebons in the Dutch East Indies, 
and of his private means, to build up a magnificent coDec- 
bon of pmnate and insccbvore embryos preserved, since hu 
death, m a special insbtutc m his late residence at Utrecht, 
Holland. Hans Bluntschli of Bern, Switrerland, made valu 
able coHecbons of New World monkeys during travds in 
Amazonia. I have already had occasion to rnenbon James 
Peter HHl, now of London, who made himself a master of 
marsupial em bryo logy during a long career m Aoitmlia 
and since hfm contributed greatly to mowlcdge of the pn- 
mateg, Grcorge B Wislocki, who has advanced our under 
standing of placentabon by studies made at Johns 
Inna and later at Harvard Medical School, Boston, based m 
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part on his own collectioiiam Central Amenca and George 
L. Streeter, Carl G Hartman, and Chester H Heuser, 
whose magnificently sncccssfol mvestigation of the embry- 
ology of the rhesus monkey waa earned out m our Carnegie 
I>boratory in Balhmore from 1923 to 1939 

Sununanzmg the work of these and other invesfagalors, 
we must begm by stating that the lemurs differ from all the 
other primates in therr method of attadiment of the embryo 
to the mother Instead of a localized massive discoidal or 
bi*discoidal placenta, the attachment is constituted by 
mterlockmg of simple chononic processes like rudimentary 
vilh with correspondmg depressions or down foldmgsofthe 
maternal surface of the uterus There is no mvasion or de- 
struction of maternal tissue and the placenta is thus of the 
epithehocbonol type. When the young ore bom the pla 
centa peels off from the maternal surface, leavmg the latter 
intact m technical terms, the placentation is nondemdoate. 
The whole arrangement is remarkably like that found m 
such ungulates as the pig and horse (Fig 18) Enough is 
known of the early embryology of various lemurs to show 
that the amnion is formed by foldmg and that the allantois 
attains a fair size and takes part in forming the placenta. 
In these features also the lemurs differ from the other pn 
mates We shall return to this cunous fact later 
Tarsius is next to be considered, that eene wraith of the 
East Indian forests, who bears in his tiny body such vaguely 
disquiehng signs of relationship to man that the natives of 
Sumatra and Borneo stand m awe of him os if he were a 
ghost, and so for different reasons do ocadenlal men of 
science, to whom he seems no ghost of a dead past but a por 
lent of the nse of man. The tarsiers ever brought away 
alive from Ihcar native lands were obtained through the ef 
forts of John F Fulton of Yale University, who has written 
an interesting account of his tnp to the Phflippme Islands 
m 1938 A. iV. W Hubrocht, who worked out the embry 
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olo^ of Tnrsius, never saw a living specunen, although he 
collected nwrc than 460 embryos through contacts he mode 
m the Dutch islands From his work we know that the cm- 
bryological development of this primitive pnmatc shows 
several features that are also chaiiactenafac of the higher 
primates The blastocyst, for example, very early acquires 
a direct attachment to the uterine mimg The trophoblait 
spreads out upon and in the superficial layer of the endo- 
metnum somewhat as docs that of tlic rhesus monkey The 
placenta is massive, ducoidal, and of tlie deaduatc hemo* 
clional type. The cxtraembryonic mesoblost develops pre- 
cociously, ^ving nsc to a body stalk much as in man , and 
tlie allantois is never more than a small duct m the body 
stalk. Tlie yolk sac is smaU. Unlike the higher primates, 
however, the amnion forms late by folding of tic chonon 
over tlie body of the embryo 

In the New World monkeys, which arc known only from 
relfliirely scanty collections, the amnion fonas by sphUmg 
the yolk sac apparently develops m some such way as m man 
and tlie rhesus monkey, as desenbed m Chapter I and the 
extracmbryonic mesoblost is formed even more prccoaouily 
than in Tarsius The allantois is rudimentary The pla 
centa, which in most speacs forms in two masses at opposite 
poles of the chonomc sac, is massive and hci7)ochonaL 
The rcscarclics of Streeter and Heuser on the rhesus 
macaque, typical of the Old World monkeys, have shown 
that m all tlicse details wc arc now discussing the monkey 
resembles man, the only striking difference being tliat the 
monkey’s blastocyst does not burrow at an early date below 
the surface of the endometnuro, but instead the trophoblost 
at first mvadcs the surface layer and tlien spreads out to 
form the placenta- Wc have already seen that the 
apes, as far as wc can be certain from a few placentas of the 
orang-utan and one of tlie gonlla and one early embryo of 
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the chnnpanxee, are so snnilflx to man m early derelopment 
and placcntation as to be almost indistangmshable. 

Summing up all the available information from the em- 
bryo and the placenta, it may fairly be said that if the em- 
biyologist irerc c^Tlwl upon to state his vieivi about the 
classification of the primates without any knowledge of the 
anatomy of the adult, he would assemble them m three 
groups, one containing man and the great apes, one con 
tanung the Old World and the New World monkeys, and 
one containing Torsius 

Whether or not the IcmuTB form a fourth group of pn 
mates, as the comparative anatomists have more or less gen 
erally agreed, becomes a very difficult quesbon if embiyo- 
logioal evidence alone is considered. Then* diffuse cpitheho- 
chonal placentaboD, much like that of pig and horse, is 
strongly different from that of the ape-monk^-Tarsias 
hne. ^e matter u worth a brief discussion here because in 
an indirect way it bears on the problem of the position of 
man. Offhand, we should perfiaps naturally assume that the 
sunple, diffuse type of placentabon is more primitive, from 
the evolutionaiy standpoint, than the massive, complex 
labyrmthme and villous mvasive types. The latter might 
well be thought to have been evolved from the former In 
Chapter I, however, I mentioned G B Wislocki’s demon 
itrttion that the diffuse of placentahon is found m 
aimnals of highly specialned kmds, namely the Ungulata, 
the Cetacea (whales), and the Probosadea (elephants) 
Those animals which it is generally agreed are r^tively 
less removed from the general mammalian '^^>6, have com- 
plex, mvasive (deciduate) placentas Presumably therefore 
the diffuse nondecaduate epithehochonol placenta is a sec- 
ondary departure from the deaduate ty^e. What then ihwTl 
we thmk of the lemurs? A recent Ammcan writer, H. W 
Mossman, goes so far as to suggest that these animnU are 



160 OopITBLVEfl UnbOHN 

not to be claaazfied as pnmates at aH but as close relntiTef of 
the ungulate*. This radical suggestion disagree* with the 
findings of comparative anatomists, who consider almost 
without exception that the adult anatomy of the lemur* m 
dicates primate affinities The learned J P Hill goes to the 
other extreme from Hossman, reportmg details in tlie early 
embryology of tlie lemurs which he thmlci indicate an evo* 
Jubonary transibon between them and the deciduate pla 
centas of the lughcr primates in short, he beheves the an- 
cestors of the monheys and apes were Icmuroid forma. Thu 
brings us up ngamst the difficult that if, ns u widely held, 
the primates evolved from an early ancestor of msc^vore 
type, the lemurs with their diffuse placcntabon must have 
been interposed between ancestors and descendants with 
deaduate placentas I A more commonly accepted conjecture 
at present is that the lemurs arc only collatcml relabvc* of 
the pithecoid (ape-monkey) line and that the of cm 
bryonic membrane formabon and placcntabon found in the 
lemurs represents a secondary denabon from a stem which 
had the deaduate placcntabon 

Evolufaon, or devolubon if yon like, from the complex to 
the simple type of placenta could have taken place m a 
relabvely simple manner Refcmng to Pig 6, B, which 
represents a blastocyst that ha* just made contact with the 
uterus, it will be seen that a genetic rautabon at this stage 
could direct the trophoblast to spread out and to make dif 
fuse contact rothcr than to invade the utcnne wall and 
form a massive deaduate placenta. Such a mutabon, or se- 
nes of mutabons, might well have occurred early m the hiJ 
tory of the pnmate stem, sctbng the lemurs apart from 
their km 

Tlic lesson in all this is that it is not safe to choose any 
one choractensbc, or any limited group of features, upon 
which to base a theory of rdabonship among animals 
domcntal and important os the type of implantabon and 
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placentatioii admittedly is, it cannot oubreigli all the other 
evidences from bones and mnsdes, brama, teeth, and what- 
ever else the comparative anatomists may be able to ate. 
The findings of the embryologist must be used m combina- 
tion with all other available facts. In the case of the lenrars 
the emhryological details alone, as mterprcted by some 
worlers, would remove these animals from the relationship 
with the primates which has been affirmed by the other 
branches of comparative biology In the case of man it 
seems to me the opposite IS true the embryology of our spe- 
cies, as far as we ran compare it with our scaniy knowledge 
of other primates, associates man even more mtimately with 
the great apes ttiRn does the evidence from comparative 
anatomy of the adult body The embryologists, left to them 
lelvea, couH hardly fail at present to support the most 
orthodox Darwinian Huxleyan doctnne of the descent of 
man from an ape-like ancestor, m close relation with the 
gorilla and the ciumpanree. Knowing, however, the Imuta 
tions of on approach through any one branch of saence m 
summing up the evidoice in the case, all they will insist upon 
IS that the human embryo is that of a pmnate closely similar 
to the apes and monkeys. As far as we embryologists are 
concerned, the comparative anatomists, when they refine 
their diagrams, may chcxise to split off the human hne either 
dose to the pomt where the monkeys separated themselves, 
or close to the stem of the great apes. When we ran get early 
embryos of the gorilla, the orangutan and the gibbons, and 
more stages of the chimpaniee, we may be able to add some- 
thing more precise 

If there were space it would be interesting to discuss the 
broader question of the whole mammahan phylogeny os 
*cen hr the embryologists but I shall have to content my- 
«lf by quoting a recent summing up which may be helpful 
The Basel loologist Adolf Portmann published in 1939 in 
the mlernational journal Biomorphotu (afterward mter 
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rupted bj the war) a daanficabon of the einbryomc char- 
actenstica of the mommabi which I simpbfy aa follows 

1 Archaic forms (chiefly Inaectivora) with massm pla 
centa, comparatively large yoDc sac, moderate to li’ge 
allantois. 

2. Evolved groups with small or absent allantois and 
massive placenta (Chiroptera, Edentata, Rodenba, 
and Primates) 

S Evolved groaps with large allantois and diffuse or 
intermediate placenta (Carmvora, Cetacea, Ungu 
lata) 

Reference to Fig 16 will show that Portmann^s schoDe fits 
very well the relationships assumed by Gregory on the bans 
of comparative anatomy It differs chiefly ra splitting off 
the rodents from the primitive stem later than the mweb 
vores , but many comparative anatomists at the present daj 
would a^^ m considering the nuectrvores the most prum- 
trve of hving mammals and m supposmg that the carhest 
placental mammals must have been animals of that general 
sorb Smee both comparative anatomy of the adult and em- 
bryology agree in seeing many resemblances between the 
msectivores and the line of Tarsius, monkeys, apes, and 
man, it follows that our human body m its development and 
perhaps m its adult structare may have preserved some- 
what more of the general primitive mammalian ^pc than 
many of those animals we are pleased to consider our in- 
feriors Let us pursue this thought in the concluding part 
of our study of the natural history of the human embryo* 

6 

I return to my caller of yean ago who thought he could 
eiplam man by the simple relation 

Angel X Ape 

•I 

Man 
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Tbe collective thmlong of manlniid, forever itrngglmg to 
understand this enormously detailed universe in Nfaich Tre 
find ourselves, mevitably tates comfort m diagrams Faced 
with any unsorted array of facta or things, we begin auto- 
matically to sort and arrange them, and when they are too 
large or too subtle to be dealt with directly, we itemize thar 
names on paper, draw Imes between them, subordinate one 
to another, nominate their hierarchies, and rest temporarily 
content, having achieved m some d^ree a better ordering 
of our restless thoughts Oftentimes, however, the diagram 
serves too well rt ceases to be the svmbol of an eiplanabon 
and is mistaien for a fact My fnend with the angel-ape 
theory, indeed, had reached such a stage m his thmting 
Thus the progress of science frequently requires not only 
observation and new classification but the correebon of an 
older synthesis Sometimes two contradictory diagrams 
dispute the field, because the new one does not completely 
replace the old, or because there are two (or more) plausible 
ways of arranging tbe facts, or because the true relabons 
have not yet been worked out. The most famous instance 
of this sort m our own tune is the stiH unresolved conflict 
of the corpuscular and the undulatory theory of light, m 
which there are two diagrams each of which fits part of the 
facts whereas neither one fits all of them. 

Something of the same sort exists with respect to the 
grand quesbon of the nature of man. There are two con- 
flicting diagrams, which may be called the Diagram of the 
Ladder and the Diagram of the Fan. I have already, m the 
first chapter, referred to the Diagram of the Ladder, or the 
Scale of Mature It is as old as Aristotle^ and stiD m some 
measure pervades our thought. It simplifies the complexity 
ot nature by arrangmg all material things m one senes of 
ascending value, from the pmneval rock to man. To quote 
once more Sir 'ITiomas Browne, the great doctor who Imew 
»o well how to state with doe solemnity the common grop- 
nigi of religion and science “There is m thi^ Universe a 
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Stair, or manifest Scale of creatures, rising not disorderly, 
or m confusion, but with a comely method and proporboiL 
Between creatures of mecr existence, and things of life, 
there is a large disproportion of Nature , between plants, 
and nniTTiflU or creatures of sense, a wider difference, be- 
tween them and Man, a far greater and if the proportion 
hold on, between Man and Angels there should be yet a 
greater ” Thus man who was made m the image of God is 
the head of the hierarchy of earth, by far the uppermost 
figure m a throng that rises a httle way toward the stars. 

It IS instructive, and something of a warning with re- 
spect to our present discussion, to note that Sir Thomas 
Browne went on to ate the embryology of his day m sup- 
port of the Diagram of the Ladder “Pot first we are a rude 
mass, and m rank of creatures which onely arc, and have a 
duD land of bemg, not yet pnviledged with life, or pre* 
ferred to sense or reason , next m Ime the life of Plants, the 
life of Animals, the hfe of Men, and at last the life of Spir 
its, r unnin g on m one mysterious nature those five lands of 
existences, which comprehend the creatures not onely of the 
World, but of the Universe ” 

This concept of man’s nature has of course been closely 
mterwoven with the older thought of Christianity and other 
duahsbe rehgiona. The Diagram of the Fan on the other 
hand ex pre ss es the finding s of evolutionary biology My 
designaUon might sound more familiar if I called it the dia 
gram of the family tree, but the trend of all the saencei 
that have facts to contribute about the evolution of oigamt 
life, namely paleontology, comparative anatomy, ecology, 
and genefacs, is toward a scheme that shows any given pres- 
ent-day group of plants and animals as havmg 
by the relatively sudden output of different evolving form*, 
rather than by successive divagations hke the serial branch- 
mg of a tree. As someone has remarked, the pattern of 
Intion withra each group is more like a bundle of sticJo 
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radiatmg from one pomt ihim the branching of a tree. To 
get this idea clearly, tahe the pictorial diagram of the cvo- 
hition of the primates (Fig 16) and spht the branches 
more deeply from the trmiL, tmtil the tree almost resembles 
the ribs of a fan- The point from iriuch the fan spreads out 
■will be the end of one rib of the nesd: earher stage. To sug- 
gest one more analogy, this concept might have been caDed 
the Diagram of the Skyrociet, for the whole course of eyo- 
hitian may be likened to one of those multiple rockets that 
nse m one long flight and then burst agam and agam, set- 
tmg off at eadi burst stfll other radiating dusters of lights 
Thus aH the pmnate Imes presumably radiated from some 
pnmitiye shrew like lusecbvore and this m turn represented 
one hne among a group that originated from an earher 
protomammahon ancestor that creature was a member of 
the BtiD earher radiation that gave nse to the birds, rep- 
tiles, and Tnammats, and so back ultimately to the snzipl^ 
organisms But I refram from insisting upon the analogy 
of the skyrocket, for it unhappily suggests the presence of 
a cosmic audience watching fireworks now being eihib- 
ited on this planet, and waitmg to see whether the coruscat- 
ing spark that is mankmd is going to bum itsdf out m the 
darkness or burst mto a family of evolving neo-Hommidae 
of mcalculable sort. Or will it merely die down and drift 
mtenmnably on, a smoldering rehc of the past, like Tarsias 
or like Lnnulns the kmg crab, while the stjuncket of cvolv- 
mg nature gives off new radiations of life from less meteoric 
•parks? 

But let us get back to earth and to safer figures of speech. 
The two diagrams of the ladder and of the fan, are con- 
cemed with two very different estimates of the human body 
m Its relation to man’s faith and duty If eH nature is as 
cendmg toward heaven through higher and higher corpo- 
real forms, then even the body of man, the noblest ei e alui e 
of earth, is something to be left behmd as qmckly as pos- 
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flible, it ifl on impediment, a bnrden to the soul that would 
c limb higher stilL If rt thieatens to drag the climber down, 
let it be neglected and if need be, morfafied. The soul riH 
nse higher without it. 

To those, on the other hand, who sec the human body as 
that of an animal with a physical history lihe that of other 
animals, though endowed with mental qualities of a peculiar 
kmd, no philosophy of life is soimd u^ess it accepts inan*i 
animal nature and teaches not humiliation but respect of 
the body and coSpcration of body and mmd toward effective 
activity m this life. 

The two concepts both arise naturally from man’s dafly 
experiences as a vertebrate with a mmd, Imng in a myt- 
tenoua umverse. Everyone but the unmitigated fanatic and 
the cynic acts from tnne to time as if first one, then the other, 
IS true in his own particular case. Each, no doubt, contains 
somethmg of the truth WZuch one gets a hearing m these 
Terry Lectures in any given year wfll depend npon the oc- 
cupant of the rostruiiL 

7 

Under the anaent mfluence of the Diagram of the Lad 
der, it IS often tacitly assumed that the human body must be 
m all respects superior to the bodies of other animals Even 
professional students of anatomy sometimes shore this no- 
tion. The yoimg physician who has been given the opportu 
nity to dissect a frog while m high school, a rabbit or cat 
m college, and a human cadaver m medical school, not un 
naturafiy takes it for granted, as he probes the tissues of hu 
subjects, that he is proceeding consistently from a lower to 
a higher level of organization. To clarify this pomt it is 
necessary to put aside the idea of superiority versus mfen 
onty We must consider instead the Diagram of the Fan, 
which symbolizes tbe fact that animals differ m the degree 
to which they depart from tbe general type of their anew 
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try Some of the manbers of an evolutionary radiation ac- 
quire highly specialiied traits, so that then* names most be 
written upon the right and the left divergent rays of the 
diagram others continue on the whole to follow the middle 
path, rctammg the pattern of their ancestral Ime and de- 
partmg only in few or in mmor details. Considered m this 
way, the human body IS surprisingly generalized that is to 
say, man is m most anatomical features a typical and un- 
pecoliar vertebrate. As the Vertebrata radiated into their 
vanous classes, the Class of Mammalia mto its orders, and 
the Order of Primates into families, genera, and species, 
the ancestors of the Hommidae were among those which 
(relatively speakmg) held to the middle way, not develop- 
ing extensive speaahzatiaiL. This is crudely apparent when 
one considers that there is scarcely any pui^y physical ac- 
tivity m which man is not excdled by some other animal — 
neither runmng, swmmimg, diving, flying chmbmg, nor 
m withstanding heat and cold, nor m the use of any of the 
five senses He can, it is true, stand and walk on hu hind 
legs more steadily than any other There is no space here 
to work out the full technical argument for the gcncrabtv 
of the human body Those who wish details will find the 
whole subject renewed m 3/an fPZocfamon^ the MammdU 
by F Wood Jones (1929) and m the articles of Adolph H 
Schultz and Wilham I*. Straus, Jr., listed in the bibhogru 
phy at the end of this book- In the first place the whole Order 
of Primates is so highly generalized that zoologists have 
found it impossible to define a pnmate by cihng character 
isbcs which are peculiar to the order Elc^ihants, whales, 
rodents, for example, exlubit large and obvious differences 
from other mammals the primates are chamctcnzcd only 
by possessing on aggregate of common characters each of 
which also occurs m other orders. This fact is illustrated by 
ilivart’i definition of 1873, long used by systematic zoolo- 
gists, which I will ate m simplified termmology That dis 
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tmgmshed man of science said that a pmnate is a placental 
mammal "which has finger- and toe-nails and a collarbone 
its eye sockets are completely snrrounded by bone it has 
three kinds of teeth (mcisors, canines, and molars) , its 
bram has a posterior lobe and a calcarine fissure , its thumb 
or big toe, or both, can be opposed to the other digits , the 
big toe has a flat nail or none , the annnal has a caectun the 
male has a pendulous penis, and its testes he m a pouch 
(scrotum) the female has two pectoral mammary glands. 
Wood Jones in a forceful passage pomts out that prach 
cally all of these charactensbes occur in a large number of 
non pnmate mammals, and that moat of them ore typical 
mammohon possessions which have been lost m whole or m 
part by various specialised groups. “The Pnmate Order is 
one without distinction, but with essentially generalised 
maimnahan features ” It would be going ranch too far to lay 
that man, a member of this order without diihnction, is 
himself without structural distinction, but it is generally 
agreed by comparative anatomists that he is not a creature 
of outstandingly speaol traits. 

Some measure of the generality of man may be drawn np 
by the method initiated by Tyson, the first dissector of the 
chnnpaniee, by Mivart, and more recently by Sir Arthur 
Keith and by Scbultr, each of whom has chosen a senes of 
anatomical pomts, listed their occurrence or degree of de- 
velopment m vanous pmnates, and compared the list to see 
how for the anatomy of any one species, thus tabulated, re- 
sembles each of the others The outcome of such a method 
IS to show that man (so to speak) scatters his anatomical 

likenesses rather widely among the other pnmate* mother 

irords, he has a large array of general features Smec it is 
impossible for lack of space to iHustratc this very large 
topic with comprehensive references to anatomical facts, I 
shall quote only one example. The reader may see for him- 
»elf what IS meant by this assertion of the generahty of man 
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if he will mipect in a mnsetun the skeleton of a man’s arm 
and compare it with the fore limb of one of the generalized 
amphibians, for example Nectums, and then with the fore 
limbs of some of the much nearer but highly specinliied rela 
tives such as the dog, the ox, the bat, the whale, and the 
mole. It will be clear that the pnmate arm and hand have 
evolved along the middle way, continuing to resemble the 
standard pattern, whereas the other animals cited have ac- 
quired greatly specialized differences that adapt them re- 
spectively to running, to meadow life, flying, swimming, 
and diggrag 

Schultz has declared that the human body is a combina 
faon of many primitive choractera with some that arc highly 
specialized- The most atrikmg apcaolizationa are concerned 
with the size of the bram, which is larger m proporfaon to 
body weight than m any other animal of the same size, and 
with the upright posture, which involves speaal modifica 
honi of the spmal column, the pelns, and the foot As to the 
latter, the studies of W L. Straus, Jr , on the muscles, and 
of Schultz on the bones, mdicate that the human foot is 
raudi more like the general pnmate plan than might at first 
be supposed. 

It is the bram, then, to which wc must look if we would 
find an oi^nic basis for the self rated supenonty of man, 
but even this organ is built upon the common plan of the 
vertebrate brain, and as far as gross anatomy ^oes is so 
closely similar to that of the great apes that the differences 
cannot be quahtativcly defined Sir Grafton Elhot Smith’s 
remark has often been quoted, that **No structure found m 
the bram of an ape u lacking m the human bram and on 
the other hand, the human brain reveals no formabon of 
any sort that is not present in the brain of the gorilla or 
chimpanzee.” The large rrc of the human brain, however, 
and the altered quantitahve rclabon by which tlie cerebral 
hemisphcrta arc rclabvely larger m proportion to tlie rest 
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of the brain than m other pnmates, comprise of course a 
tmd of speaaliEahon aa significant as if the bram had de- 
veloped some new lobe unfiiowii in the rest of the Ann^m l 
km^om- We cannot escape the thought that the anatonn 
cal basis of the difference m mental power between man and 
the apes consists only m the presence of a larger number of 
ceUi m the venous portions of the cerebral cortex of man 
and therefore m the possibility of a more mtncate cnsi 
crossing and registration of nerve impulses 

We can picture the activity of the bram as like that of a 
general staff headquarters, with its mtcHigcnce service, iti 
record rooms, executive command, and cornmnnicabon syt- 
tem connecting oil parts of the army Two armies may be 
alike in possessmg typical equipment, but the one with the 
larger, better mformed staff and the more extensive, more 
highly integrated communications will have the advantage. 
Thus the relatively unspecialixed human body is guided by 
a bram which is funchonally supenor to that of other ani- 
mals. The creature that owns this combmabon cannot run 
or swim aa well as many of his fellow creatures, nor can he 
fly at all without mech^cal assistance but his ipeoalixed 
bitun can guide his generahred and therefore generally 
adaptable body to bond fast moving cars and ships, and to 
fly, with a machine, longer and higher than any bird. Were 
I a preaxdicr or pedagogue, I might go on to pronoimce an 
earnest homily upon the advantages, in the moral as well as 
the material world, of extreme physical adaptability with 
extreme cerebral controL 

After so long a preamble I come at last to recapitulate 
what the embryologist bn^ to say about this quesbon of the 

generalixabon versus the specialixabon of man In the past, 

human development has been regarded as a very speaal af 
fair The ranly and preaouencss of early human embryo* 
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»eem to confer distinction trpon them. Students and investi- 
gator* necessarily place them m contrast with more plenti- 
ful kmds of embryos of the nnjmals of the laboratory and 
the barnyard. They sometimes forget that classroom em- 
bryology IS taught and illufftrated largely from the birds, 
which are among the most speoalired of all the vertebrates, 
and from the rabbit and domestic pig, representmg two of 
the more rpecialiwd orders of the Mammaha. The rabbit’s 
folded amnion, the pig** immense allantois were familinT 
long before the quite different nature of those structures m 
man and the other pmnates was understood. It is no wonder 
that the human embryo has seemed peculiar and ertraordi 
nary But as knowledge of a wide range of animals has been 
obtamed early human development has come to be more and 
more understandable m terms of the general mammahan 
plan. 

The items which have to be considered in discussing the 
differences between early pnmate embryos and those of 
other mammals ore (1) the str u cture of the placenta, (2) 
the precocious appearance of the extraembryonic meso- 
blast and the clo^y related elnmnation of both the yolk 
sac and allantois from the funebon of supplying blood ves- 
sels to the chonon, and (3) formation of the ammon by 
sphttmg rather than by foldmg of the chonon 

1 The mere existence of a placental attachment of the 
embryo to the mother is of course a speaohxafaon, one which 
IS fuffiaent to set apart the placental from the 

other animals but as already suffiaentlv shown above in 
Chapter!, §10 and Chapter HI, the t 3 rpe of placenta- 
boa which characlenxes the prnnatet including man no 
longer seems necessarily to be the end stage of an evolubon 
ary progression from the diffuse epithehochonal to the 
laassive hemochonal placenta The analyses of Hubrecht, 
Wisloclo, and ilossman have opened our eyes to the proba 
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at hy the study of comparatiTe anatomy and of fetal struc- 
ture. 


8 

In the foregoing pages of this chapter I have oothned 
the evidence for two vciy weighty conclusions about the 
physical nature of man. The first of these is that he is an 
animal^ a member of the Class of Mammaba, Order of Pn 
mates, and closely related to the apes and monkeys. The 
second is that the human body is not notably endoi^ with 
speaabred anatomical features of a land that would fit ns 
to perform Lnuted acbyibes supremely well, but on the 
contrary is built rather closely to the general mammaTum 
pattern, and therefore can perform vaned tasks under the 
guidance of a superior brain. As the reader must have no- 
ticed, what I have said about the contribution of embryol 
0^ to this subject, which after all is the real tbeme of the 
discourse, has largdy consisted m the removal of embryo- 
logical objections to these two conclusions The difficulties 
which delayed the investigation of early human develop- 
ment, toother with a certam pndeful if often unconsaoui 
cxpectaboD that human structure must always exhibit su 
penon^ to other animals, even in its corbest gestation, 
have given a false impression that the human embryo u 
excepbonaL Against this idea I have shown that recent m 
vesbgabons, involving a great increase in our knowledge 
of the early embryonic stages and of placcntafaon, have not 
only strengthened our sense of the offinity of man to other 
mnjmoh hut also tcod morc and more to agree with the dccla 
raboDS of comparabvc anatomy as to the gencrabty of hu 
bodily structure. 

Let ns pause a moment to reflect that gcnenUized or- 
ganisms possess a degree of liberty in acbon whidi is denied 

to more spcaabzed creatures In Chapter II we saw that the 
evidence from embryology points to a land of foreordina 
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bon, not exactly that of the theologians but none the less 
operabre to determine the fate of countless human bemgs 
In this present chapter we arc led, on the other hand, by the 
evidence from comparabre anatomy to ponder upon the 
freedom of the will, or at least freedom of action, which we 
have because onr bodies are Tcrsatfle, untrammeled bv epe- 
aalizabon for extreme but particular skill, and capable of 
any task the mmd may imagme. The way of an eagle is to 
fly, the way of a fish is to swnn, bat a roan’s way is to kill or 
to culbvale, to grovel or stand erect, to dissipate or to build- 
Because he has a gencralued body he can eat any diet, live 
m jungle, praine, or upland, swim across nvers or scale 
mountains, build altars to many gods If anyone insists that 
all this freedom inheres m the mmd alone, let him name a 
valiant deed or a crime that does not depend also upon the 
anatomical versatility of our bodies, or ate any great life 
that could have been lived by a man with bat’s wmgs or the 
alimentary canal of a sheep The scope of the human mmd, 
the freedom of human decision, are bound up inextricably 
with the generalizabon of the body 
The animal nature of man is an old story, as old or older 
than the Scripture with which I have adorned the btle of 
this chapter but it must be retold m each age and rcstudicd 
m the hght of all that saence can learn, for the whole struc- 
ture of our laws, our philosophy, and our religion depends 
upon the way in which wc look at human nature. Wc shall 
ahrajs have among us, of course, those who deerr the bodv 
wid deprcaatc its claims in the mterest of the soul among 
fheta, be it said many noble persons, gaunt samts and shm 
mg heroes who have taught then* fellow men how to glonfv 
Ihe flesh by following the spirit. And yet such deeds as 
Iheirs, and every act of lore and sacrifice, even man’s dreams 
of beauty and his prayers to heaven, must be realized with 
the flesh, bones, and organs of an animal that is blood 
brother to the worm and uic ape. 
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Who should know this better thjm the phyaiaan-aaentist 
whose privilege it is to observe the frail mmuscular germ of 
our race in its eorhest days, and who sees constantly m his 
work what I have tried to t^ in these chapters that we be- 
gin our lives m continuance of a long past and in progres- 
sion toward an unseen goal that life is precanous from the 
first day to the last, under the sway of events we can neither 
compr^end nor calculate and that we bear through aH our 
days the marks of mtnnate lanship with the ammal world, 
tempered by powers of the mind that bestow digmty and 
honor upon the life of the body 
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